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ABSTRACT 
Multi-level concrete buildings requrre substantial temporary formwork 
structures to support the slabs during construction. The primary function of 
this formwork is to safely disperse the applied loads so that the slab being 
constructed, or the portion of the permanent structure already constructed, is 
not overloaded. Multi-level formwork is a procedure in which a limited 
number of formwork and shoring sets are cycled up the building as 
construction progresses. In this process, each new slab is supported by a 
number of lower level slabs. The new slab load is, essentially, distributed to 
these supporting slabs in direct proportion to their relative stiffness. 
When a slab is post-tensioned using draped tendons, slab lift occurs as a 
portion of the slab self-weight is balanced. The formwork and shores 
supporting that slab are unloaded by an amount equivalent to the load 
balanced by the post-tensioning. This produces a load distribution inherently 
different from that of a conventionally reinforced slab. 
Through , theoretical modelling and extensive on-site shore load 
measurement, this research examines the effects of post-tensioning on multi-
level formwork load distribution. The research demonstrates that the load 
distribution process for post-tensioned slabs allows for improvements to 
current construction practice. These enhancements include a shortening of 
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the construction period; an improvement in the safety of multi-level 
form work operations; and a reduction in the quantity of form work materials 
required for a project. 
These enhancements are achieved through the general improvement in 
safety offered by post-tensioning during the various formwork operations. 
The research demonstrates that there is generally a significant improvement 
in the factors of safety over those for conventionally reinforced slabs. This 
improvement in the factor of safety occurs at all stages of the multi-level 
formwork operation. The general improvement in the factors of safety with 
post-tensioned slabs allows for a shortening of the slab construction cycle 
time. Further, the low level of load redistribution that occurs during the 
stripping operations makes post-tensioned slabs ideally suited to reshoring 
procedures. Provided the overall number of interconnected levels remains 
unaltered, it is possible to increase the number of reshored levels while 
reducing the number of undisturbed shoring levels without altering the 
factors of safety, thereby, reducing the overall quantity of formwork and 
shoring materials. 
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L INTRODUCTION 
1.0 General 
F orrnwork and the associated shoring represent a significant proportion of 
the costs associated with the construction of a multi-level concrete structure. 
To minimise these costs, a limited number of forrnwork and shoring sets are 
recycled up the structure as construction progresses, eliminating the need for 
a new set of forrnwork and shoring with each new slab. This cycling of 
forrnwork and shoring sets means that as each new slab is poured, it is 
supported by a number of lower level slabs. The formwork and shoring 
structure does not extend to the foundation after the first few slab levels. 
Due to slab construction cycle times, these lower level supporting slabs may 
not have necessarily attained their 28 day ultimate design strength prior to 
their being required to support the new slab and any other construction 
loads. A slab construction cycle of 5 days using 3 levels of slabs to support 
the new slab, for example, means that the oldest supporting slab has an age 
of 15 days with the youngest slab being loaded at an age of only 5 days. 
Structural designers- required to specify the number of slabs to be used in 
the support of a new slab - are faced with a dilemma. As designers, they 
are primarily required to design for the safety and stability of the structure 
both during and after construction. Secondly, building contractors require a 
multi-level formwork procedure that is economical in terms of both time and 
cost. Satisfying both criteria and achieving an optimum design requires an 
analysis of the load distribution that occurs among the interconnected slabs 
and shoring of a multi-level form work system. 
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The addition or removal of applied loads and the altering of the multi-level 
form work structure (e.g. stripping form work and shoring), results in a 
redistribution of the new'and existing loads among the interconnected slabs 
and shoring. Essentially, these applied loads are distributed to the slabs in 
proportion to their developed stiffness, but the actual distribution IS a 
function of many time and non-time dependent parameters including: 
a) permanent structure stiffness and structural action; 
b) temporary structure stiffness and structural action; 
c) time-dependant concrete properties (creep, shrinkage); 
d) number of interconnected slab levels; 
e) shoring procedure; 
f) construction cycle time and its relationship to the shoring 
procedure. 
Since the 1950s, many of these parameters have been the focus of 
investigation. The level of knowledge into the phenomenon of multi-level 
formwork load distribution is considerable. The research to date (Nielsen 
1952; Grundy and Kabaila 1963; Taylor 1967; Beresford 1971; Agarwal 
1972; Marosszeky 1972; Aguinaga-Zapata and Bazant 1986; Gardner and 
Fu 1987; Liu and Chen 1987; McAdam 1989) has concentrated on multi-
level formwork for conventionally reinforced slabs. To date, no known 
research has been conducted examining post-tensioning and its effect on 
multi-level formwork load distribution. 
1.1 Objectives 
This thesis extends the current knowledge of multi-level formwork load 
distribution through original research into the effects of post-tensioning on 
the load distribution process. 
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When a slab is post-tensioned using draped tendons, a certain amount of 
slab lift occurs as a portion of the slab self-weight is balanced. The 
formwork and shores supporting that slab are therefore unloaded by an 
amount equivalent to the load balanced by the post-tensioning. This 
unloading of the shores is entirely different from that of a conventionally 
reinforced slab system in which no load balancing occurs. The multi-level 
formwork load distribution that occurs among interconnected post-tensioned 
slabs is therefore significantly different from that of a conventionally 
reinforced slab system. 
The primary objective of this thesis is to research post-tensioning and its 
effect on multi-level form work load distribution and consists of both on-site 
measurement and theoretical modelling of load distribution during multi-
level formwork operations. Based on the results of the on-site measurement 
and the finite element modelling, a parametric study was undertaken to 
examine a range of issues structural actions so that their effect, if any, could 
be quantified. 
1.2 Research Significance 
Partial and· total building failures as a result of progressive collapse during 
construction are not uncommon. Such failures have, and continue, to result 
in a loss of life, time and property. Progressive collapse often results from 
premature removal of formwork from a slab or insufficient multi-level 
shoring a.Iid hence load-sharing to lower level slabs. Accurate prediction of 
formwork and shoring removal times is essential. 
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When considering the programming of the construction of a multi-level 
concrete structure, the forming and construction of the slabs often lies on the 
critical path. Savings in slab construction cycle time will result in an earlier 
completion time for the project. If slabs are able to be stripped earlier, 
significant savings in time, and hence cost, can be achieved. Even if the slab 
construction cycle times can only be reduced marginally for each slab, the 
cumulative effect on a multi-level project can be significant. In an industry 
that has financial penalties for late completion and frnancial gains for early 
completion, any saving in the overall construction time can result in 
significant economic benefits for both the contractor and client. 
The thesis will demonstrate that due to the load balancing effects of post-
tensioning, resulting in an unloading of the multi-level formwork structure, 
post-tensioned slabs allow for: 
a) an improvement in the safety of construction personnel and the 
permanent and temporary structure during multi-level formwork 
operations; 
b) a shortening in the slab construction cycle, thereby, reducing the 
overall, project construction time; 
c) a reduction in the number of undisturbed shoring levels, thereby, 
reducing the form work and shoring material quantities and -costs. 
1.3 Research Methodology and Thesis Format 
The majority of research into multi-level formwork load distribution has 
,-
concentrated on theoretical modelling of the structure under construction 
(Grundy and Kabaila 1963; Beresford 1971; Cantor and Rizzi 1982; 
Gardner and Chan 1984; Gross and Lew 1984; Hurd and Courtois 1984; 
Lew, Chen and Bowman 1985; El-Shahhat and Chen 1992). Little of this 
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previous research has been based on physical testing or the measurement of 
actual slab and shore loads that arise during construction. In contrast to this 
previous research, the research associated with this thesis uses site obtained 
shore and slab load data to verify the accuracy of the theoretical analysis 
models proposed within the thesis. 
The research associated with this thesis consisted primarily of four major 
components including: 
a) An extensive literature review into post-tensioning and multi-
level shoring techniques. 
b) An experimental investigation project involving on-site 
monitoring of shore loads during the construction of two multi-
level post-tensioned structures. 
c) The development of a simplified analysis method and a finite 
element model. The data obtained from the on-site measurement 
projects was used to verify the suitability and accuracy of these 
two analysis techniques. 
d) A parametric study into the effects of post-tensioning on multi-
level formwork load distribution using the verified analysis 
techniques. 
Section 2 of this thesis presents a review of the relevant literature and 
research associated with multi-level formwork load distribution. !his review 
examines the early pioneering work of Grundy and Kabaila (1963) as well 
as examining the range of parameters knO\vn to influence the load 
distribution for conventionally reinforced multi-level slabs. 
" 
Section 3 examines the three most typical shoring procedures commonly 
used for multi-level structures: undisturbed supports; backpropping 
(backshoring, preshoring); and reshoring. 
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Section 4 explains the concept of load balancing due to post-tensioning. 
Section 4 proposes a modification to the simplified analysis method to 
account for the load balancing effects of the post-tensioning. This simplified 
analysis method is then used to examine the multi-level formwork load 
distribution for a theoretical post-tensioned structure. 
To confirm the effects of post-tensioning on multi-level formwork load 
distribution, it was necessary to monitor shore and slab loads during the 
construction of multi-level post-tensioned concrete structures. Section 5 
details a pilot project undertaken to assess the suitability of shore load 
measurement techniques proposed for use on the full scale project. The pilot 
project also served to provide preliminary confirmation of the assumed 
effects of post-tensioning on shore and slab loads. 
When the results of the pilot project were examined, it was discovered that 
although the simplified analysis method was able to predict the actual slab 
and shore loads with a reasonable degree of accuracy, there was still some 
level of error present. Section 6 details a finite element analysis model 
developed to represent more accurately the actual physical properties of the 
full scale project. 
Section 7 details the results of a full scale project in which shore loads were 
measured during the construction of the buildings 13 levels. This extensive 
volume of data was used to confirm the accuracy of the proposed simplified 
analysis method and finite element model for determining multi-level 
" 
formwork load distribution for post-tensioned slabs. Section 7 also allowed 
the confirmation of the assumed load balancing effects of post-tensioning on 
shore and slab loads. 
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Section 8 presents a parametric study into a range of criteria specifically 
associated with post-tensioned construction and other criteria not 
specifically related to post-tensioned construction. This study examines the 
effect of these parameters on multi-level formwork load distribution and 
allows conclusions to be drawn as to the likely effects of particular post-
tensioning and shoring operations. 
Based on the results of the full scale project and the parametric study, 
section 9 highlights some implications for current construction and design 
practice. Section 9 proposes that post-tensioned slabs allow for 
improvements to construction safety, a shortening of slab construction cycle 
times, and a reduction in the quantity of form work and shoring materials. 
Section 10 concludes the thesis by summarising the findings of this research 
project, recommending improvements to practice, and highlighting required 
future research directions associated with multi-level formwork load 
distribution. 
1.4 Publications Arising from the Research 
A number of papers have been produced during the course of this research. 
The content of these papers has been included throughout this thesis. 
Refereed:· 
Kajewski, S., Brameld, G., Hampson, K. and Thambiratnam, D. (1996) 
'Multi-level Formwork Load Distribution: A State-of-the-Art Report', 
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Physical Infrastructure Centre Research Report 96-3, Brisbane: 
Queensland University ofTechnology. 
--, --, --, -- (1997) 'Experimental Investigation into the Effects 
of Post-Tensioning on Multi-Level Formwork Load Distribution', 
Physical Infrastructure Centre Research Report, Brisbane: 
Queensland University ofTechnology. (in press) 
Kajewski, S. and Hampson, K. (1997) 'Reengineering High-Rise 
Construction for Enhanced Cycle Times and Safety', Construction 
Process Reengineering - Proceedings of the International Conference 
on Construction Process Reengineering, Gold Coast, pp. 591-602. 
Non-refereed: 
Kajewski, S., Brameld, G., Hampson, K. and Thambiratnam, D. (1995) 
'Multi-level Formworking for Post-Tensioned Slabs', Concrete 95 
Toward Better Structures - Conference Proceedings, Concrete 
Institute of Australia and Federation Internationale de la Precontrainte, 
Brisbane, pp. 671-678. 
--, --, --, -- (1996) 'Multi-level Formworking for Post-
Tensioned Slabs', Concrete In the Service of Mankind - Radical 
Concrete Technology - Conference Proceedings, University of 
Dundee, Scotland, pp. 583-596. 
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2. LITERATURE REVIEW 
2.0 General 
A review of the relevant literature was undertaken using English language 
sources only. Non-English language sources were not specifically targeted 
unless they were identified through the rigorous cross-checking of the 
bibliographic details contained in the English language references. Where 
relevant, the non-English references identified in this manner have been 
included in this thesis. 
Prior to the 1950s, it was commonly believed that the loads on multi-level 
formwork shores were at a maximum in those shores immediately 
supporting the freshly cast slab and reduced to a minimum value at the 
lowest set of shores. The theory was that the new slab load was gradually 
absorbed into the columns and slabs of the permanent structure as the load 
progressed downwards through the structure. Nielsen (1952) indicated that 
this theory was not correct and that the opposite actually occurred. Through 
analysis and site measurement, Nielsen discovered that the maximum loads 
in the multi-level formwork system occurred in the lowest slab and shores, 
with a gradual reduction in loads to a minimum value directly under the 
freshly cast slab. 
2.1 Simplified Analysis Method 
Grundy a.lld Kabaila (1963) presented a simple method' of determining the 
shore and slab loads in a multi-level formwork system. This simplified 
analysis method is presented in detail in Appendix A. Their analysis method 
• Referred to as the simplified analysis method in this thesis. 
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was based primarily on the assumption that the loads are distributed between 
the interconnected slabs in direct proportion to the relative slab stiffness. 
Grundy and Kabaila ( 1963: 1729) adopted a number of simplifying 
assumptions in their analysis method claiming that the assumptions 'should 
not affect the end results appreciably'. These simplifying assumptions were 
that: 
a) the shores are infinitely rigid; 
b) the closely spaced shores produce a uniformly distributed load on 
the supporting slab; 
c) the slabs are of equal stiffness; 
d) the foundation level is infinitely rigid; 
e) the effects of creep can be ignored; 
f) slabs deflect identically, distributing loads between the slabs in 
proportion to their stiffness. 
Liu, Chen and Bowman (1985) questioned the appropriateness of the 
simplified analysis method. The rationale for their argument is that none of 
the organisations and associations responsible for specification preparation 
adopted the simplified method into their formwork standards and codes of 
practice. Stirvaros and Halvorsen (1990) make a similar observation. The 
American Concrete Institute (ACI 347R-88, 1988), however, makes 
reference to a document by Hurd (1989) which was prepared under the 
direction of the ACI 347R-88 committee. In this reference, Hurd presents a 
simplified analysis procedure based closely on the early work of Grundy and 
Kabaila and subsequent researchers. Through the close association of the 
« 
two documents, it is argued that the simplified method has been ratified by 
the ACI347R-88 committee. 
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Despite the simplifying assumptions and the fact that it has not been 
formally adopted by specification writing bodies, the simplified analysis 
method remains one of the most commonly used analysis techniques today. 
This is most probably due to its simplicity and relative accuracy in 
predicting the load distribution when using traditional multi-level formwork 
procedures. for conventionally reinforced concrete construction. 
2.2 Factors Affecting Multi-Level Formwork Load Distribution 
Considerable research into multi-level formwork load distribution has 
occurred since the 1950s, examining a range of parameters thought to affect 
the distribution of loads during the multi-level formwork procedure. These 
findings are presented in the following sections. 
2.2.1 Shore Stiffness and Load Distribution 
Slab loads are transferred bet-vveen the supporting slabs via the shores with 
the stiffness of the shores affecting the proportion of load that is distributed 
from a slab to its supporting slabs. A lower shore stiffness results in a slab 
being required to carry a greater proportion of its own self-weight. A higher 
shore stiffness results in more slab load being distributed to supporting 
slabs. 
Timber shores, commonly used in the United States of America, were 
considered· to ·compress enough to alter the load distribution significantly. 
An assumption of non-compressibility in shores provided a more 
conservative approach, however, by predicting a higher maximum slab load. 
In a study into shoring operations, Stivaros and Halvorsen (1990) indicated 
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that as the stiffness of the shores is varied to approach an infinite stiffness, 
the slab load ratios approach those predicted by the simplified analysis 
method. Stivaros and Halvorsen (1990: 595) comment that 'the shoring 
system stiffness is the most important factor affecting the construction load 
distribution'. 
With the use of a three-dimensional finite element computer model, Liu, 
Chen and Bowman (1985) found an assumption of infinite shore stiffness 
under-estimated the magnitude of the slab load ratios but will predict the 
slab and construction step at which the maximum occurs. 
The use of timber shores is rare in Australia. In the majority of shoring 
operations, telescopic steel shores, with a stiffness much higher than that of 
timber shores, are used. Assuming infinite stiffness for timber shores, Liu, 
Chen and Bowman (1985) indicated that a correction factor of only 1.05 to 
1.10 is required to predict the load distribution. An assumption of infinite 
stiffness for steel shores is not unreasonable. 
2.2.2 Foundation Stiffness 
When adopting an undisturbed shoring procedure for a conventionally 
reinforced slab structure, the loads in the shores are cumulative at the 
foundation level shores and the slabs remain completely free of load until 
the foundation level shores are removed (appendix A). If, however, the 
foundation is not infinitely stiff, some portion of the applied load is required 
to be carried by the slabs. 
Beresford ( 1971) for example, cautions that some realistic estimate of 
foundation stiffness must be made as an assumption of infinite stiffness will 
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over-estimate the shore loads and under-estimate the slab loads at the lower 
slab levels. Beresford indicated, however, that there is much better 
correlation of the loads at higher slab levels. 
Marosszeky (1972), exammmg a reshoring procedure, also adopted the 
assumption of infinite foundation stiffness on the basis that the foundation is 
significantly more rigid than the suspended slabs. Marosszeky claims that 
the errors introduced by such an assumption are insignificant. 
Liu, Chen and Bowman (1985) demonstrated that decreasing foundation 
stiffness increases slab loads and decreases shore loads. They indicate, 
however, that the maximum slab load is reduced. Liu, Chen and Bowman 
also highlight increased slab deflections with reduced foundation rigidities. 
McAdam and Behan (1990) commented that the foundation stiffness has 
little effect but as the stiffness of the foundation approaches that of the 
suspended .slabs, the maximum slab load approaches the converged slab load 
valuet. McAdam and Behan comment that if the foundation stiffness is 
equal to that of the suspended slabs, the ma.ximum slab load only exceeds 
the converged slab load by approximately 15% ofthe slab weight. 
The overall safety during a multi-level formwork procedure at the various 
construction stages is a function of the slab load and the slab age (hence 
strength) at which that load occurs. Although not always the case, it will be 
demonstrated in this thesis that the occurrence of the ma.ximum slab load is 
often the limiting design criterion. As the assumption of infinite foundation 
" 
stiffness is conservative when calculating the maximum slab load, it is 
reasonable to adopt this simplifying assumption. If the foundation is of 
t As construction progresses, the slab loads converge to a certain value at a particular 
construction stage (refer Appendix A). 
13 
Section 2 Literature Review Stephen L. Kajewski 
particularly low stiffness, the actual load distribution may give rise to a 
situation in which other stages of construction are more critical. It is 
questionable that such a foundation material is suitable for the support of the 
temporary and permanent structure during construction. 
2.2.3 Slab Stiffness 
Grundy and Kabaila ( 1963) assume in their analysis that the slabs in a multi-
level formworking situation have the same stiffness regardless of age. 
Typical multi-level formworking scenarios are presented in which the 
stiffness of the slabs are firstly assumed to be the same regardless ofthe slab 
age. As a comparison, it was demonstrated that varying the slab stiffness to 
account for slab age and relative strength did not alter the slab load ratios 
significantly. As indicated in Appendix A, allowing for variations in the slab 
stiffness produced a maximum slab load ratio of 2.35 for 3 sets of 
undisturbed shores at the time of casting a new slab. For the scenario 
assuming constant slab stiffness, the corresponding slab load ratio was 2.36. 
Marosszeky (1972) assumed equal stiffness for each slab, justifying this 
assumption by claiming that due to cracking in the tensile stress regions, the 
slab stiffness is more dependant on quantity of reinforcement than concrete 
stiffness. Marosszeky further justifies this assumption by observing that the 
stiffness of concrete approaches 90% of its 28 day value within 1 week. 
Certainly for slab construction cycle times of greater than 1 week, the 
variations in relative slab stiffness are minimal. With slab construction cycle 
times co~only 4 or 5 days, and in some situations approaching 2 or 3 
days, one might question the validity ofMarosszeky's argument. 
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Agarwal (1972) is another researcher to claim that the variations in slab 
stiffness can be ignored. Agarwal claims that when compared with the 
analysis method of Nielsen ( 1952), the errors introduced by the assumption 
of equal slab stiffness are self-compensated. In a similar argument to 
Marosszeky (1972), Agarwal (1972: 28) states 'that after about three days, 
the change in elastic modulus for the next few weeks is not great', and 
further 'that the ratio of flexural rigidity to flexural strength was 
approximately constant with respect to time and hence the effect of variable 
flexural rigidity and slab strength could be ignored'. 
Hurd and Courtois (1984) also adopt the assumption of equal slab stiffness 
and state that studies by Nielsen (1952), Grundy and Kabaila (1963), Blakey 
and Beresford (1965), Feld (1974), Agarwal and Gardner (1974), and Noble 
(1975) indicate this to be a reasonable assumption. In an apparent 
contradiction, Hurd and Courtois (1984) also state that all slabs deflect 
evenly sharing the redistributed load in proportion to their relative stiffness 
even though their worked examples assume equal stiffness. 
In a departure from this approach, Liu, Chen and Bowman (1985) model the 
shoring process allowing the slabs to act elastically with slab stiffness being 
time dependant. The American Concrete Institute (ACI347R-88, 1988: 
Clause 3.8.1) also makes reference to the time dependent nature of slab 
stiffness by stating that 'once the tier of backshores or reshores in contact 
with grade has been removed, the assumption is made that the system of 
slabs behaves elastically. The slabs interconnected by reshores or 
backshores will deflect equally during addition or removal of loads. Loads 
,, 
will be distributed among the slabs in proportion to their developed 
stiffness'. . 
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Agarwal (1972) and Liu and Chen (1987) have investigated the effect of 
high concrete strengths on multi-level formwork load distribution. Agarwal 
(1972: 30) states that 'the change in flexural strength of the member for a 
large change in concrete compressive strength at any level of reinforcement 
is no more than 10% '. Agarwal (1972) further comments that with the 
exception of cold climates, the use of high strength concrete is not 
beneficial. Liu and Chen ( 1987) comment that the use of high early strength 
concrete has little effect on the load distribution. They concluded that using 
higher early strength concrete had the effect of slightly increasing the shore 
loads and reducing the slab loads and deflections; the changes were minimal 
however. 
2.2.4 Number of Shored Levels 
When considering conventionally reinforced slabs, the maximum slab load 
arising during a multi-level formwork procedure occurs in the last slab 
poured prior to the removal of the founding level shores. This occurs 
regardless of the number of shored levels in the interconnected system 
(appendix A). Increasing the number of shoring levels increases the 
maximum slab load, rather than reducing it as might first be believed. 
Despite this increase in the slab load, when allowance is made for the 
relative slab age, it is shown that increasing the number of shored levels 
could be beneficial in improving the factor of safety and reducing the 
magnitude ofthe immediate elastic and long-term creep deflections. 
Agarwal (1972) argues that the only advantage in increasing the number of 
shored levels is to allow the slabs to strengthen as much as possible. This is 
seen as beneficial as the flexural stiffness of a slab increases at a faster rate 
than the strength. The load carried by a slab also increases at a faster rate 
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than the slab strength as the loads are distributed to the slabs in proportion to 
their relative stiffness. Agarwal (1972) comments that the increase in slab 
load experienced with an increase in the number of shored levels is not 
necessarily accompanied by a corresponding increase in slab strength. He 
believes that the number of shored levels should be limited to 2 or 3. 
Agarwal (1972) does claim, however, that after the slab loads have 
converged, increasing the number of shored levels will not affect the slab 
load on the lowest level. 
2.2.5 Creep 
The potential for load redistribution in a shored system due to the effects of 
time dependent variables such as creep was identified by early researchers, 
but were generally discounted. 
In research that involved physically measuring shore loads on buildings 
during construction, Beresford (1971) examined the effect of creep on multi-
level formwork load distribution and concluded that creep deformation 
resulted in loads being transferred from heavily loaded floors to more lightly 
loaded floors. In an undisturbed shoring procedure, this resulted in an 
upward movement of load from lower level slabs to the higher level loaded 
slabs. Beresford comments that the amount of load redistribution due to 
creep is variable and dependent on a number of factors. He concluded that a 
redistribution of 20% of the calculated slab loads would provide a 
reasonable correlation with the physically measured values. Beresford 
(1971) concluded that ignoring creep in calculations would result in a 
conservative error. Without furthering the issue, Beresford highlights the 
need for an examination into the long-term effects of excessive creep 
deflections at an early age. 
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Marosszeky (1972) also raises the issue of creep but states that floors behave 
elastically c and creep can be ignored. In contradiction to most other 
researcher~, Marosszeky (1972) claims that creep results in a downwards 
redistribution of load from the higher, younger slabs to the lower, more 
mature slabs. In testament to the state of knowledge at the time, Marosszeky 
claims that due to the variable nature of creep and number of influencing 
criteria, it is unrealistic to account for the effects of creep. Marosszeky 
indicates that it is preferable to ignore creep therefore adopting a more 
conservative approach. The effect of creep on deflection was also considered 
but any significant long-term effects were discounted. Provided loads during 
construction are limited such that any cracking is less than that which would 
occur under service loads, releasing a slab at an early age will only increase 
immediate. deflections slightly and would not affect the subsequent rate of 
deformation. 
Gardner and Chan (1984) comment that reshoring results in large 
deflections and that the effect of creep is unknown. Preshoring is presented 
as a means of overcoming the effects of creep and large immediate 
deflections as the slabs are not permitted to deflect as much as with 
reshoring. Cantor and Rizzi (1982) were first to identify preshoring as a 
means of overcoming the problems of large immediate deflections. Gardner 
and Chan ( 1984) indicate that adopting a preshore procedure is only 
beneficial on the lower levels shored to the foundations; there is no 
significant benefit at higher slab levels. Gardner and Chan (1984) also 
indicate that the load/strength ratios for a preshored system are similar to the 
" 
reshored system but the maximum slab load occurs at a different stage of 
construction. 
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Based on arguments similar to the above, many other researchers including 
Taylor (1967), Scott (1984), Gross and Lew (1984), Hurd and Courtois 
(1984), and Liu, Chen and Bowman (1985), ignore the effects of creep on 
multi-level formwork load distribution. Some, however, identify that while 
the long-term effects could be significant, the immediate effect on shore and 
slab load distribution is minimal. Hurd and Courtois (1984), for example, 
ignore creep and deflection when examining shore and slab loads but 
comment that there may be reason for limiting stripping time regardless of 
adequate slab strength. 
Aguinaga-Zapata and Bazant (1986) argue that while stress distributions due 
to creep do not occur when structural components are of the same age, the 
situation of multi-level formworking can not be considered such a 
homogenous system. Studying the multi-level formwork process using a 
linear creep model and the principle of super-position, Aguinaga-Zapata and 
Bazant conclude that the effect of creep is small when no reshoring is 
undertaken. If reshoring is undertaken, they claim that creep is more 
significant but still not very large. They also conclude that the study of creep 
is important for its long-term effects. Aguinaga-Zapata and Bazant (1986) 
identify that concrete slabs loaded at an early age are likely to have long-
term creep deflections several times higher than the elastic deflections. They 
comment that calculating for creep is only warranted when long-term 
deflections are a consideration. 
Gardner and Fu (1987) examined the long-term serviceability effects ofhigh 
early lmiding on slabs. The argument was that multi-level shoring, even if 
• 
cycled at a safe rate, still produced high loads early in the life of a slab that 
could lead to long-term serviceability problems. From their experiments and 
analysis, Gardner and Fu (1987) conclude that one of the most important 
criteria affecting long-term deflections was creep deflection due to 
19 
Section 2 Literature Review Stephen L. Kajewski 
construction loads. They did not, however, comment as to whether creep 
significantly affected the loads arising during the multi-level formwork 
procedure. 
Liu and Chen (1987) in an examination of the effects of shore creep on load 
distribution during the shoring process conclude that creep is not significant. 
Allowing for creep in timber shores results in a reduction in the maximum 
slab and shore loads of only approximately 5% to 1 0%. Liu and Chen 
( 1987) do, however, confirm that the effect of creep is to redistribute some 
of the load on the older slabs upwards to the younger slabs. 
McAdam (1989) and McAdam and Behan (1990) reported the findings of a 
parametric study into load distribution in multi-level formwork operations. 
The effect ·of column creep on the redistribution of loads when shoring was 
examined and it was found that column shortening from applied loads and 
creep squeezed the slabs together resulting in a 5% increase in the peak load 
to the bottom slab and a slight reduction in the top slab load. They conclude 
that this 5% increase usually only occurs in the upper levels where the 
columns are smaller and more lightly reinforced. One could argue therefore 
that as convergence of slab and shore loads are likely to have been reached 
before construction of these upper levels, the effect of column creep is 
insignificant. Liu, Chen and Bowman ( 1985) in a separate study conclude 
that column stiffness has little effect on the load distribution and ignored 
any slab deflection at the columns in their analysis. 
McAdam and Behan (1990: 6) also consider the slabs and the effect of creep 
claiming that 'only a small difference in creep deflection of adjacent slabs is 
needed to cause a significant load transfer'. They do not quantify this load 
transfer or indicate its actual level of significance. In an explanation of the 
effects of creep on slab load redistribution and movement, they conclude 
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that closely spaced shores do not produce a uniformly distributed load. 
McAdam and Behan (1990) argue that the shores close to the column 
(infinite rigidity assumed) are unable to change in length. Changes in shore 
length will vary from zero at the columns to a maximum value towards the 
centre of the slab, producing a non-uniform load distribution. 
When considering slab load distribution only, it is reasonable that the effects 
of creep are ignored to greatly simplify the analysis. The research outlined 
here indicates that the errors introduced by ignoring creep are insignificant 
and that the result is generally conservative. In situations where the long-
term serviceability of a slab is a major consideration, the effects of creep 
may need to be included in the analysis. 
2.2.6 Slab Aspect Ratio 
Liu, Chen and Bowman (1985) also consider the effect of slab aspect ratios 
and non-uniform distribution of shore stiffness. They concluded that slab 
aspect ratios in the range of 0.6 to 1.0 increased the maximum shore load by 
up to 3%. A non-uniform distribution of shore stiffness was more significant 
with increases of up to 20% in the shore loads. This was only considered a 
concern for timber shores in which the stiffness could vary widely from 
shore to shore. 
2.2.7 Shoring Procedure 
Grundy and Kabaila (1963) were among the fust to identify the process of 
reshoring. They indicated that by stripping the primary shores and replacing 
them with ·secondary shores (reshores), the loads on the lower level slabs 
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were reduced with a corresponding increase in the loads in the upper level 
slabs. The overall effect is a reduction in the maximum slab load ratio. 
Taylor (1967) extends the concept of reducing slab load ratios through a 
process of loosening and subsequent re-tightening of the original shores at 
the lowest level. Taylor presents this concept as a method of reducing long-
term creep deflections resulting from high loads early in the life of a slab. 
Taylor demonstrated that the slab load ratio reduced from 2.35 at a slab age 
of21 days to a maximum of 1.44 at an age of7 days. 
Marosszeky (1972) in another examination of the reshoring process 
demonstrated that the maximum slab load ratio reduced from 2.35 (appendix 
A) to 1.33. Reshoring, as described, reduces the slab load ratios below the 
slab level being reshored, and results in an increase in the slab load ratios 
above the slab level being reshored. This higher load occurs on relatively 
young slabs. 
Gardner and Chan (1984) examine a process of preshoringt which is similar 
to reshoring with the exception that only small areas of the slab, rather than 
entire bays, are stripped prior to reshoring. This process was proposed to 
overcome the problems of excessive deflection that can occur during the 
reshoring process. The primary disadvantage of the preshoring operation is 
the higher level of on-site control required. Gardner and Chan (1984) 
indicate that preshoring results in slab load ratios between that of 
undisturbed supports (highest slab load ratios) and reshoring (lowest slab 
load ratios). Gardner and Chan (1984) conclude that preshoring provides 
' 
little advantage over reshoring as far as the slab load/slab strength ratio is 
concerned. The main advantage of the preshore process is the reduction of 
elastic and creep deflection. Another possible advantage of preshoring is 
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that it could lead to improved construction cycle times. Grossman (1986), 
for example, details a case study of a high rise structure, constructed on a 2 
day slab cycle using preshores as the multi-level formwork system. 
2.2.8 Summary of Factors Mfecting Multi-Level Formwork Load 
Distribution 
As discussed in the preceding sections, there are many parameters that 
influence multi-level formwork load distribution. When using the simplified 
analysis method to analyse the load distribution, a number of these 
parameters are often ignored due to their "insignificance" or because a 
conservative result is obtained. An assumption of infinite foundation 
stiffness or infinite shore stiffness, for example, has been demonstrated to 
over-estimate the maximum slab load thus providing a conservative 
solution. As the maximum slab load is often the limiting criteria when 
determining a safe multi-level formwork procedure, such assumptions are 
not unreasonable. As these assumptions tend to under-estimate all other slab 
loads, care needs to be exercised to ensure that the cumulative effect of the 
small errors (introduced by the assumptions) do not produce a more critical 
load and/or serviceability situation on other slabs. 
The factors that affect the distribution of loads when multi-level 
formworking, as detailed in the preceding sections, can be summarised as 
follows. This thesis, except where noted otherwise, adopts and/or extends 
the principles and effects of these factors. 
a) Shore stiffness and load distribution: 
~ In Australia, preshoring is generally referred to as backpropping (section 3). 
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i) An assumption of infinite shore stiffness is commonly 
adopted by designers. 
ii) The assumption of infinite stiffness for shores may 
tend to under-estimate the slab loads and over-
estimate the shore loads but the overall effect is 
insignificant. 
iii) The shores produce a non-uniform distribution of load 
across a slab. 
b) Foundation stiffness: 
i) An assumption of infinite foundation stiffness or 
rigidity is commonly adopted by designers. 
ii) An assumption of infinite foundation stiffness will 
under-estimate the slab loads and over-estimate the 
shore loads but the overall effect on load distribution 
is minimal. 
c) Slab stiffness: 
i) When multi-level formworking, loads are distributed 
amongst the interconnected slabs in direct proportion 
to the relative slab stiffness with older (higher 
stiffness) slabs attracting a greater proportion of the 
loads. 
d) Number of supporting slabs: 
i) An increase in the number of supporting slabs results 
in an increase in the maximum slab load. 
ii) The increase in ma,'<:imum slab load may be 
compensated by the increase in age, and hence 
strength of the slab. 
e) Creep: 
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i) Concrete creep causes a redistribution of loads 
upwards from older more heavily loaded slabs to 
younger, more lightly loaded slabs. 
ii) The overall effect of creep on multi-level formwork 
load distribution is minimal. 
iii) Creep is of greater concern when examining the long-
term serviceability conditions that may arise from 
loading a slab at an early age. 
f) Slab aspect ratio and edge fixity: 
i) The aspect ratio of a slab has a minimal effect for 
slabs with ratios from 0.6 to 1.0. 
g) Shoring procedure: 
i) Reshoring results in a redistribution of loads upward 
forcing slabs to carry a greater proportion of the loads 
at an earlier age. 
2.3 Factor of Safety 
The calculation of the multi-level formwork load distribution and resulting 
slab loads do not immediately confirm a suitable shoring procedure. Slab 
loads and slab load ratios do not indicate a factor of safety against collapse 
or damage. Many researchers agree that some level of over-stressing of the 
slabs, at least on a short-term basis is acceptable. 
Marosszeky (1972) introduced a concept referred to as the severity factor 
which is d.efmed as the slab load ratio divided by the tensile strength ratio§. 
Simply, the severity factor is a form of factor of safety. The concept of 
§ Marosszeky ( 1972) defmes the tensile strength ratio as the ratio of tensile strength at a 
given time to the 28 day tensile strength. 
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factor of safety when multi-level formworking is refined further by Hurd 
and Courtois (1984). A similar factor, in the form of a strength reduction 
factor, is presented by Gross and Lew (1984). 
There does not appear to be any definitive guides as to an appropriate factor 
of safety to be adopted when considering slab and shore loads associated 
with multi-level formwork operations. Knode (in Beresford, 1971), 
comments that short-term overloads up to 1.5 times the design load 
(working) may be permissible. Beresford states that excessive deflection is 
of greater consequence, with over-stressing resulting in excessive cracking, 
reduced stiffness and therefore excessive elastic deformations. Beresford 
(1971: 3) states that 'cracking of a concrete floor slab, at least at restrained 
edges, is inevitable under service loads, thus the generally unattainable 
criteria of no cracking can't be used'. Hurd and Courtois (1984) adopt a 
factor of safety of 1.4 (ultimate). 
Different designers adopt different approaches and philosophies when 
determining an appropriate factor of safety. Gross and Lew (in Stivaros and 
Halvorsen, 1992: 28) state that 'construction loads are generally short in 
duration and the consequences of failure are not as great as they would be 
in a fully occupied building'. Gardner (in Stivaros and Halvorsen, 1992: 28) 
states that 'construction workers spend all their working life on construction 
sites and their risk of injury should not be greater than the occupants of the 
completed structure'. 
Standards Australia (AS361 0, 1990) indicates that the design ultimate 
. 
strength of a material should be reduced by a strength reduction factor 
appropriate for the material. Standards Australia (AS3600, 1988) indicates 
that the strength reduction factor to be applied for concrete members subject 
to bending is 0.8 (this equates to an approximate factor of safety of 1.25). 
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2.4 Post-Tensioning and its Effect on Multi-level Formwork Load 
Distribution 
As detailed, there. has been considerable research into multi-level formwork 
load distribution and the parameters that affect the distribution of loads. All 
of this research has been concerned with conventionally reinforced concrete 
slabs. To date, multi-level formwork load distribution for post-tensioned 
slabs has not been examined. Structural designers, when considering a 
multi-level formwork procedure for a post-tensioned slab often ignore the 
effects of the post-tensioning and treat the slab as if it were conventionally 
reinforced. Post-tensioned slabs behave inherently differently from 
conventionally reinforced slabs and, therefore, produce an entirely different 
load distribution during the multi-level formwork procedure. 
In one of the few references to the potential effects of post-tensioning on 
multi-level formwork load distribution, Agarwal (1972: 78) states 'from the 
point of view of high construction loads, the use of light weight concrete 
slabs (and possibly prestressed flat plates) is suggested, so the dead 
load/total load ratio (and hence construction loads) will be reduced'. 
When a slab is post-tensioned using draped tendons, a certain amount of 
slab lift occurs as a portion of the slab self-weight is balanced. The 
formwork and shores supporting that slab are unloaded to a certain extent. 
The multi-level formwork load distribution that occurs among 
interconnected post-tensioned slabs is, therefore, significantly different from 
that of a" conventionally reinforced slab system. The following sections 
examine the effect of post-tensioning on multi-level formwork load 
distribution through on-site shore load measurement, theoretical modelling 
and a parametric study. 
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3. MULTI-LEVEL FORMWORK 
3.0 General 
In an ideal multi-level formwork situation, the formwork would remain in 
an undisturbed state, providing a continuous load path from the new slab to 
the foundations, until the uppermost slab has cured for a suitable period. In 
such a situation, all slab and other construction loads are transferred through 
the shoring to the foundations. The slabs remain free of load until the load 
path is broken by removing the foundation level shoring. 
Multi-level formwork is a process in which a limited number of formwork 
and shoring sets are cycled up the structure as construction progresses. The 
reuse of the formwork and shoring sets reduces the overall number of sets 
required, thereby significantly reducing the cost of this component of 
construction. With multi-level formwork, a freshly poured slab is supported 
by a number of lower level slabs. As indicated in figure 3.1, these lower 
level slabs may not have attained their full 28 day strength. 
Slab Age 
0 day s 
5 day s 
10 day s 
15 day s 
20 day s 
X ~ 
X [>< 
X ~ X ~ X [>< X ~ X A/ /"''\_ 
[>< X X [X X ~ X [?< ~ ~ 
~ 
Figure 3.1 Multi-Level Formwork 
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To reduce further the number of full form work and shoring sets, there are a 
number of shoring procedures that allow formwork to be removed at an 
earlier slab age than would normally be the case. These shoring procedures 
are described in the following sections. 
3.1 Undisturbed Supports 
Standards Australia (AS3610, 1990: 6) defines an undisturbed support as a 
'compression member which, as a part of a soffit formwork, remains 
undisturbed in place until the permanent structure is strong enough to 
support itself even though the forms have been removed earlier'. 
The shores supporting the formwork remain undisturbed in their original 
position for the entire period during which the slab is required to be 
supported, as indicated in figure 3.2. As such, the slab is not required to 
carry any of its self-weight. The load from the freshly cast slab is fully 
transferred to the foundation level provided a continuous load path is 
maintained. If, however, the load path to the foundation has been broken, 
the lower levels of slab, interconnected by shoring, support the new slab 
load in proportion to their relative stiffness. 
3.2 Backpropping (backshoring, preshoring) 
Standards Australia (AS3610, 1990: 4) defines backpropping as a 'process 
! 
by which a_djustable supports are placed to give support to the permanent 
structure during the removal of the formwork to the soffit'. 
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Figure 3.2 Undisturbed Supports 
When adopting a backpropping (backshoring, reshoring) procedure, there 
are two common variations. The more rigorous process, as indicated in 
figure 3.3, involves the installation of a secondary shore, adjacent to the 
original shore, directly supporting the formface material. When in position, 
the original shore, framing and formwork up to this secondary shore are 
removed allowing the weight of the slab to be transferred to the secondary 
shore. A third shore is then installed snugly under the exposed slab soffit, in 
approximately the same position as the original shore. The secondary shore 
and remaining formwork are then able to be removed. 
A less rigorous, but more practical process of backpropping, involves 
stripping small areas of the slab soffit without the use of secondary shores 
and then backpropping the exposed area of the slab. This alternative allows 
the slab td deflect slightly but does not result in a significant redistribution 
of loads. 
30 
Section 3 Multi-Level Formwork 
3.3 Reshoring 
Formwork and 
original shore 
removed 
Secondary shore 
installed adjacent 
to primary shore 
Figure 3.3 Backpropping 
Stephen L. Kajewski 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' ~-·~· New shore 
'' 
: : installed, then 
:=~ secondary shore 
~; removed 
,·-
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
'' 
Standards Australia (AS361 0, 1990: 5) defines reshores as 'adjustable 
supports placed to give support to the permanent structure after the 
formwork to soffits in the area have been removed'. 
The process of reshoring is similar to backpropping in that some portion of 
the slab. is stripped prior to the installation of the reshores. Reshoring 
usually involves the removal of large areas of formwork, often entire 
structural bays, prior to the installation of the reshores. With an entire bay of 
the slab soffit exposed and unsupported, the slab is able to deflect fully 
between the supporting columns. The slab is, therefore, required to carry its 
self-weight and some portion of the other applied loads as a new load 
sharing equilibrium is reached between the interconnected slabs. Reshoring 
results in a load redistribution upwards through the structure of 
interconnected slabs, requiring the younger slabs to accept larger loads than 
those required with backpropping. Provided the shoring remains in contact 
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with the foundations, the shoring loads are cumulative with a maximum 
shore load occurring at the foundation level shores. The reshores, placed 
without an axial load, do not become loaded until a new slab is poured or 
other construction loads are added above the level of reshoring. 
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4. POST-TENSIONING AND ITS EFFECT ON MULTI-LEVEL 
FORMWORK LOAD DISTRIBUTION 
4.0 General 
The simplified analysis method is probably the most widely used analysis 
method for determining the slab load ratios and hence shoring procedures 
when multi-level formworking. The method provides a rapid, simple and 
relatively accurate procedure for determining slab and shore loads when 
using multi-level formwork to construct conventionally reinforced concrete 
slabs. In its present form, it is not suitable as an analysis method when 
considering multi-level post-tensioned slabs as it does not allow for the 
effect of slab lift during the stressing operation. This section proposes a 
modification to the simplified analysis method to allow for the effects of 
post-tensioning. 
4.1 Post-Tensioning and Slab Lift 
When the shoring is stripped, all suspended concrete slabs will deflect 
elastically under the effect of self-weight and any applied loads. If the slab is 
conventionally reinforced, this deflection is irreversible. If a slab is post-
tensioned with tendons that are draped parabolically, some portion of the 
deflection is able to be reversed through a process commonly referred to as 
load-bal3.ijcing. The reversal is possible as the draped cables produce an 
uplift force when they are tensioned as indicated in figure 4 .1. 
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Figure 4.1 Uplift Force from Post-Tensioning Draped Tendons 
The process of load-balancing is indicated in figure 4.2. As indicated in 
figure 4.2(a), a slab when first cast, is fully supported by the formwork and 
shoring. The slab is unable to deflect' resulting in a level slab that is not 
subjected to any bending stresses. If the formwork and shoring were to be 
removed prior to post-tensioning, the slab would deflect under its self-
weight resulting in a slab sag situation with tensile stresses in the lower 
portion of the slab and compressive stresses in the upper portion of the slab 
(figure 4.2(b)). If the slab was post-tensioned prior to the removal of the 
formwork, the slab would lift resulting in a hog situation with tensile 
stresses in the upper portion of the slab and compressive stresses in the 
lower portion of the slab (figure 4.2(c)). If a level of post-tensioning is 
adopted such that it produces stresses equal but opposite to the self-weight 
stresses, a level slab results as indicated in figure 4.2( d). In this situation, it 
is can be said that 100% of the slab self-weight has been balanced (full load 
balancingt). It should be noted that structural design engineers do not always 
design for full load balancing; a lesser or greater load may be balanced 
depending on the desired effect. 
• The slab and formwork will deflect a small extent as the shores compress axially under 
load. If infmite shore stiffness is assumed, there is no deflection. 
t For the purpose of this thesis, full load balancing refers to the balancing of the full slab 
dead load (self-weight) only; no live load is balanced. 
34 
Section 4 Post-Tensioning and its Effect on 
Multi-Level Formwork Load Distribution 
Stephen L. Kajewski 
// / 
~· [>< 
I I 
(a) Cast Slab 
,/ ~-································································_:.:.:..:..:.:/ T [7 C 
 ............................................... ~ Ll 
Stress Diagram 
l I 
(b) Slab Sag Under Self Weight 
~~···===: ...~---~---~---~·-·;···;···;···;···;···;··;···;···~···~···~···==~~/ 
X l>< Stress Diagram 
I I 
(c) Slab Hog from Post-Tensioning 
/' 
T 
Stress Diagram 
I l 
(d) Full Load Balanced Situation 
Figure 4.2 Load Balancing 
4.2 Post-Tensioning and the Effect on Slab and Shore Loads 
If the po~t-tensioning tendons are tensioned before the undisturbed shores 
are removed (the usual practice), the shoring supporting the slab is unloaded 
by an amount equal to the portion of the slab self weight that is balanced. As 
the slab is poured, the formwork deflects and the shoring compresses under 
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the load from the concrete self-weight. As the concrete does not have any 
strength at this stage, the shores are required to carry the full slab self-
weight as indicated in figure 4.3(a). If full load balancing is adopted, the 
slab will lift to a level state forcing the slab to support its own self-weight 
thus unloading the shores to produce the situation in figure 4.3(b). If less 
than the full self-weight is balanced, the slab will lift partially forcing it to 
support that portion of the load that was balanced. The unbalanced portion 
ofthe load remains in the shores (figure 4.3(c)). 
(a) Cast Slab 
Form work and shoring deflects under the 
slab self-weight thereby, loading the 
shores. 
Slab load ratio= 0.0 in slab 
Slab load ratio = 1.0 in shores 
r---- Slab lifts to level allowing the slab to 
(b) Full Load Balancing 
support its own weight and unloading the 
shores. 
Slab load ratio= 1.0 in slab 
Slab load ratio= 0.0 in shores 
r---- Slab partially lifts allowing the slab to 
(c) 80% Self Weight Balanced 
support the balanced portion of its own 
self-weight with the shores carrying the 
remaining unbalanced portion of slab load. 
Slab load ratio = 0.8 in slab 
Slab load ratio= 0.2 in shores 
Figure 4.3 Effect of Post-Tensioning on Shore and Slab Loads 
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4.3 Proposed Modification to the Simplified Analysis Method 
This section presents a simplified analysis method to account for the load 
balancing effect of post-tensioning. Within the simplified analysis method, 
the same calculations and procedures as those outlined in appendix A are 
used for the construction stages of pouring a new slab; removing formwork 
and shoring; and reshoring. Post-tensioning introduces two further stages: 
initial stress! and final stress. 
The initial stress involves stressing the post-tensioning tendons to some 
percentage of the full stress load. This initial stress effectively unloads the 
shores supporting the slab by an amount equivalent to the portion of the slab 
load balanced by the initial stress. Assuming the post-tensioning has been 
designed to balance full slab self-weight, if the initial stress was 25% of the 
full stress, the shores are unloaded by an amount equivalent to 25% of the 
slab self-weight. Similarly, the slab would then support 25% of its self 
weight as indicated in figure 4.4. The unloading of the shores causes a 
redistribution of load upwards, increasing the load on the upper level slabs 
and decreasing it on the lower level slabs. The application of full stress has a 
similar effect but the shores supporting the slab being stressed are 
completely unloaded (assuming full load balancing). 
t Due to the low levels of conventional reinforcement in a post-tensioned slab, an initial 
stress is usually applied to a slab at an age of 24 hours to control shrinkage cracking. This 
initial stress is usually about 25% of the level of full stress. 
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Figure 4.4 Effect of Post-Tensioning on Slab Load Ratios 
When determining the slab load ratios for the slabs, equation 4.1 is used. 
Where: 
SLR' slab= new slab load ratio after load redistribution 
SLRslab = slab load ratio in slab prior to load redistribution 
(4.1) 
L6a1 = slab load balanced expressed as a percentage of the slab 
self-weight 
Ec =modulus of elasticity of slab concrete 
I.E c = sum of Ec for all interconnected slabs 
Figure 4.5 provides an example of the redistribution process when 25% of 
slab dead load is balanced by the stressing operation and the shores are not 
in contact with the foundations. 
""'"""'~"""....,. 0.00 0.25 
1.00 0.75 
~~~~~ 1.33 1.25 
0.67 0.50 
~~~~~ 1.33 1.25 
0.34 0.25 
.... ~ ........ 1.34 1.25 
Pour 25% stress 
Figure 4.5 Slab Load Ratio Redistribution with Post-Tensioning 
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Using equation 4.1 and assuming equal slab stiffness, the slab load ratios for 
the slabs after the stressing operation are: 
for levels 1, 2 and 3: 
( 0.25x1) SLR's,ab = 1.33- 3 = 1.25 
4.4 Slab Load Ratios for Post-Tensioned Slabs with Undisturbed 
Shores 
Figure 4.6 indicates the slab load ratios for a multi-level post-tensioned slab 
structure with undisturbed shores. Figure 4.7 indicates the slab load ratios 
for the equivalent conventionally reinforced slab structure. The structure is 
assumed to be subject to the following: 
a) 3 levels of undisturbed supports; 
b) 7 day slab construction cycle; 
c) form work stripping at a slab age of 19 days; 
d) initial 25% stress at a slab age of 1 day; 
e) final 100% stress at a slab age of 4 days; 
f) full post-tensioning is designed to balance the full self-weight. 
When using undisturbed shores on conventionally reinforced multi-level 
'< 
slabs, as indicated in figure 4.7, the shore loads are cumulative at the 
foundation level shores provided a continuous load path is maintained. 
Figure 4.6 indicates that when multi-level formworking post-tensioned 
slabs, the shore loads are not cumulative to a maximum at the founding level 
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shores. Rather, the founding level shores alternate between a maximum slab 
load ratio of 1.0 as each new slab is poured and a minimum of 0.0 as that 
new slab receives full stress; 
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Figure 4.7 also indicates that for conventionally reinforced slabs, the last 
slab poured prior to the removal of the fmmding level shores is subjected to 
the maximum slab load ratio. This occurs when the slab becomes the lowest 
slab in the interconnected set (day 42). The slab load ratio eventually 
converges to a value of 2.0 for this shoring scenario. 
Post-tensioned slabs after the founding level shores have been removed, as 
indicated in figure 4.6, are all subject to a maximum slab load ratio of 1.34 
as each new slab is poured. This maximum slab load ratio does not reduce or 
converge to a lower value but alternates between 1.34 as each new slab is 
poured and 1.00 as that new slab receives full post-tensioning. Figure 4.6 
also indicates that each slab is subjected to a slab load ratio of 1.25 at the 
stage of initial stress. The actual slab load ratio is dependant on the portion 
of load balanced by the initial stress. Assuming equal slab stiffness, the slab 
load ratios indicated at day 28 and day 33 of figure 4.6 repeat up the 
structure without alteration. 
4.5 Slab Load Ratios for Post-Tensioned Slabs with Reshores 
Figure 4.8 indicates the slab load ratios for a multi-level post-tensioned slab 
structure with a combination of undisturbed shores and reshores. The 
structure is assumed to be subject to the following: 
a) 2 levels of undisturbed supports; 
b) 1 level of reshores; 
c)'' 7 day slab construction cycle; 
d) formwork stripping and reshoring at a slab age of 12 days; 
e) reshore removal at a slab age of 19 days; 
f) initial 25% stress at a slab age of 1 day; 
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h) full post-tensioning is designed to balance the full slab self-
weight. 
Adopting reshoring, as indicated in figure 4.8, produces a situation identical 
to the slab load ratios for a post-tensioned slab with undisturbed supports 
(figure 4.6). This is to be expected as the application of post-tensioning 
produces a situation in which the undisturbed shores are completely 
unloaded prior to their removal (assuming full load balancing). There is no 
shore load to be redistributed during the stripping operation and, therefore, 
the slab load ratios remain unaltered. 
Comparison with the equivalent conventionally reinforced slab scenano 
indicated in figure 4.9 reveals the same observations as the undisturbed 
shoring scenario. That is: 
a) The shore loads are not cumulative to a maximum value at the 
founding level shores. Rather, the founding level shores alternate 
between a maximum slab load ratio of 1.0 as each new slab is 
poured and a minimum of 0.0 as that new slab receives full 
stress. 
b) All of the post-tensioned slabs experience a maximum slab load 
ratio of 1.35. 
c) All post-tensioned slabs alternate between a slab load ratio of 
1.35 as each new slab is poured and 1.0 as that new slab received 
full stress (after the removal of the founding level shores). 
d)~ When reshoring, the slab load ratios in the shores are always 
·lower and the slab loads higher for the post-tensioned slabs than 
with the conventionally reinforced scenario. 
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4.6 Summary 
It was assumed that the effect of post-tensioning was to unload the 
supporting shores by an amount equal to the proportion of the slab self-
weight balanced by the post-tensioning. This results in a redistribution of 
loads from the lower level slabs to the higher level slabs. Based on this 
proposal, a simplified analysis method was proposed to account for the load 
balancing effect of post-tensioning. 
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Using this. simplified analysis method, it was demonstrated that post-
tensioning significantly reduces the maximum slab load arising during the 
multi-level formwork operation for both undisturbed and reshoring 
procedures. 
To confirm the validity of the load balancing assumption, it is necessary to 
measure actual slab and shore loads for multi-level formwork post-tensioned 
slabs. The following section describes a pilot project undertaken to give 
preliminary conformation ofthe effects of post-tensioning. The pilot project 
is also used to confirm the suitability of the measurement techniques prior to 
undertaking a large scale measurement project. 
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5. PILOT PROJECT 
5.0 General 
Many researchers have examined the issue of multi-level formwork load 
distribution. Of these, very few (Nielsen 1952, Beresford 1971, Agarwal 
1972, McAdam 1989) have physically measured the slab and/or shore loads 
that occur in practice. Since the work of Nielsen (1952), the few projects 
that have physically measured shore and slab loads have all concentrated on 
conventionally reinforced concrete slabs. To-date, shore and slab loads 
associated with post-tensioned construction have not been measured 
physically. 
Before the .full scale measurement project was undertaken, it was necessary 
to perform a pilot project to assess the suitability of the proposed 
measurement techniques. This project also served to provide preliminary 
confirmation of the assumed effects of post-tensioning on shore and slab 
loads. It also highlighted possible problem areas in the measurement 
procedure thus ensuring that the results obtained on the full scale project: 
a) were as accurate as possible; 
b) were efficiently carried out; 
c) were able to be converted into meaningful data; 
d} provided an appropriate level of redundancy to account for shores 
being moved, stripped or damaged due to construction activities. 
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5.1 The Project 
The pilot project chosen was required to be similar in structural form and 
construction to the full scale project to ensure that the techniques developed 
for measurement and the form of results obtained were repeatable on the full 
scale project. The pilot project adopted was the University of Queensland 
Multi-Level Carpark No. 2 at St Lucia in Brisbane. 
5.2 Monitoring of Shore Loads 
This section describes the measurement procedure adopted to monitor the 
shore loads on the pilot project. 
5.2.1 Slab Regions Monitored 
The project consisted of 3 levels of one-way and two-way post-tensioned 
concrete slabs, although in the region in which the measurement was 
undertaken, there were only two suspended levels (level 2 and level 3). The 
structural engineering drawings are provided in part in appendix B for the 
region under observation. The region adopted for measurement was selected 
for the following reasons: 
a) The slab was level in this region. 
b) The reinforcement and post-tensioning m this regwn were 
without irregularities and were similar m quantity and 
arrangement to other typical post-tensioned slabs. 
c) There were no plans to place any abnormally heavy construction 
loads on the slabs in this region. 
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d) The region was close to the building perimeter allowing suitable 
levels of natural light for the measurement reading. 
e) The shores in this region were to be some of the last removed 
during the stripping operation allowing a longer record of data to 
be obtained. 
For the pilot project, it was decided that all shores in the measurement 
region were to be monitored. This in effect meant that approximately 30 
shores per floor were being monitored daily. 
5.2.2 Shore Load Measurement 
It is difficult to measure slab loads directly, mostly due to the physical and 
practical constraints placed upon such measurement by the nature of on-site 
concrete construction activities. Although not without difficulties, it is more 
convenient and practical to measure the loads in the shores supporting the 
slab. Formwork shores are easily accessible at most stages of construction 
and the material and sectional properties are far more constant and 
predictable than those of concrete. From the load data obtained from the 
shoring, it is then possible to derive the slab load. 
The measurement system to be adopted was required to satisfy certain 
criteria: 
a) The system should be sufficiently robust to allow it to withstand 
the physical and environmentally harsh nature of a commercial 
construction site. 
b) 'The system should be relatively inexpensive due to the large 
number of readings required. 
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c) The system should allow for a high level of redundancy to be 
developed economically to account for the loss or erroneous 
-reading of a number of shore loads due to construction activities 
or operator error. This high level of redundancy is required as 
during construction it is not uncommon for a limited number of 
shores to be released, moved and then replaced by construction 
workers. It is also possible for a number of shores to unload and 
drop from position as the formwork moves during the concrete 
pour. 
Two methods of determining in-situ shore loads were investigated for this 
project: load cell measurement and extensiometer measurement. The 
measurement system adopted for this project was a 250rnm Huggenberger 
extensiometer as it more readily satisfied the above criteria. The only 
equipment required to be left on site for extended periods were small 
aluminium spots that were epoxied to the shores. Thus the potential for 
equipment damage, loss or theft was limited to accidental damage by the 
operator during use. To provide a high level of redundancy, it was necessary 
to measure the loads in a number of shores on each level. In this project, up 
to 30 shores were measured on each floor. The provision of this number of 
load cells was economically and practically unviable. The Huggenberger 
extensiometer required only one main piece of measuring equipment, 
reducing the cost to an insignificant level. 
5.2.2.1 Conversion ofExtensiometer Readings into Shore Loads 
Unlike a load-cell, the Huggenberger extensiometer does not measure shore 
loads directly, rather, it measures the length between two pre-set points. 
Using the Huggenberger extensiometer to determine the change in length 
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between the two pre-set points allows the shore load or change in shore load 
to be easily calculated. 
A simple spreadsheet was used to perform the highly repetitive calculations 
required to convert the Huggenberger extensiometer readings into shore 
loads and then express the shore loads as slab load ratios. The calculations 
required are described in appendix C. 
5.2.3 Measurement Frequency 
As continuous monitoring 1s not possible with the Huggenberger 
extensiometer, it was decided that daily measurements taken at 
approximately the same time every day would be sufficient to provide a 
suitable volume of data. The purpose of taking the measurements at 
approximately the same time each day was to avoid major variations m 
temperature between successive measurements. This would preclude any 
unforeseen abnormal effects resulting from the restraining effects of the 
slabs on the shores as they altered length due to significant temperature 
changes. The minor variations in shore length resulting from normal 
temperature variation are allowed for during the calculation of shore loads. 
5.2.4 Temperature Measurement 
It was not necessary to determine the shore temperature to a high level of 
accuracy as the absolute shore temperature was not required. The variation 
in shore temperature between successive measurements was required. 
Provided the ambient air temperature immediately around the shores was 
measured in the same marmer at each measurement, the variations in air 
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temperature could reasonably be expected to reflect the magnitude of the 
changes in the shore temperature. To ensure the temperature was measured 
in the same manner at each reading, the following were observed: 
a) The temperature was to be measured at the same shore for each 
daily measurement; the temperature at each individual shore was 
not measured. 
b) The temperature probe was to be fixed to the shore in the same 
manner and in approximately the same position for each daily 
measurement. 
c) The shore to be measured was to be typical of the majority of 
shores with respect to the amount of direct sun; on this pilot 
project, all shores were in full shade. 
d) Sufficient time was to be allowed for the temperature probe to 
stabilise before measurement. 
The temperature was measured with an electronic temperature probe which 
was taped to the shore with several layers of heavy tape. The probe was then 
turned on and allowed to stabilise for approximately five minutes before 
each daily measurement. The probe used was able to measure the 
temperature to an accuracy of 0.01 oc (although this level of accuracy was 
not required). 
5.3 Examination of Site Data 
Unfortunately, not all data collected from the project was able to be used. 
On the day prior to the pouring of the level 2 slab it rained heavily. During 
the pouring of this slab, the shores in the slab region being monitored settled 
into the foundation material. This disturbance of the shores after the zero 
reference reading had been taken meant that all subsequent measurements 
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were without a point of zero reference. Without the zero reference, the shore 
loads for level 2 were unable to be calculated. 
Only the level 3 measurements were able to be examined for this pilot 
project. The level 3 shore measurements were able to be used as prior to the 
pouring of the level 3 slab, the foundation level shores were stripped, the 
ground slab was poured, and the foundation shores were replaced. This 
ground floor slab was poured on a compacted sub-base and then post-
tensioned, thus preventing further settlement and providing an adequately 
stiff bearing surface for the foundation level shores. 
The Huggenberger extensiometer and temperature readings for the pilot 
project are contained in appendix D. 
5.3.1 Slab Lift 
As described in section 4, it is assumed that the slab lifts during the stressing 
operation thus relieving the supporting shores of some portion of the applied 
load. The magnitude of load relieved is equivalent to the proportion of slab 
self-weight that is balanced by the stressing. 
The design of the slabs for the pilot project was for 100% of the slab self-
weight to be balanced at the stage of full stress. Thus at the stage of full 
stress the slab should lift fully from the shores relieving the shores of the 
equivalent of the slab self-weight. It was also intended that 25% of the full 
stress (i.e: 25% of the full self-weight) was to be applied to the slab 24 hours 
after the slab was poured to control shrinkage cracking. It was found that the 
slab in the region being monitored did lift during the stressing operation, 
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relieving the shores of part or all of the slab load. This phenomenon is 
indicated in figures 5.1 to 5.4. 
Figure 5.1 indicates the slab region monitored (refer also appendix B). The 
plots in figures 5.2 to 5.4 are plotted for this region. Figures 5.2 to 5.4 
indicate the slab load ratios for the level 3 (second suspended level) slab. It 
should be noted that these plots have a distorted horizontal and vertical 
scale. The values plotted are the slab load ratios for the shores supporting 
the level 3 slab, not the slab load ratio for the slab itself. A value of 0.0 for 
example indicates that the shore has been completely unloaded. It should be 
noted that at no stage during monitoring of this level was the level 3 slab 
required to support slabs over, nor was it subjected to abnormally heavy 
construction loading. 
--{ 
4, 
r· 
----1.' 
-~-
r 
I 
I 
I 
_ _j 
"--
---
•· I I I 
F I 
r--·..,....--.·-=f: 
r t I• t ,,. i . l ,, t J r ,. 
r---·--.-f I r--
-- --f f. -f ~ r .. [ 
I f f r [ l r [ I I 
I I! t [ L ____ _j~ L 
,____, .. 
--
......... 
-
~ 
'-·----------·---::....... -
.. 
Figure 5.1 Slab Region Monitored 
54 
Sfab· region;; Qfotted'in 
figures 5:1:. to;S.<f. 
ReferalsO"appendiXB. 
Section 5 Pilot Project Stephen L. Kajewski 
Figure 5.2 indicates the slab load ratios for the shores immediately after 
pouring the slab with the concrete still in a plastic state. Obviously at this 
stage, there was no slab lift and all shores were subjected to a compressive 
load. With the concrete in a plastic state, it could be expected that each shore 
would be subjected to a slab load ratio of 1.0. In practice however, this has 
not proved to be the case. Some shores were carrying a higher slab load ratio 
than expected (> 1.0) while other shores were carrying a lower slab load ratio 
than expected (<1.0). This variation in shore loads is most likely due to the 
arrangement of the formwork framing (bearers and joists) with single span 
and continuous beam action resulting in a slightly uneven distribution of the 
loads. 
oo.o 
'Figure 5.2 Slab Load Ratios in Shores Immediately 
after Pouring the Slab 
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Figure 5.3 indicates the slab load ratios for the shores after the initial stress 
was applied. For this particular slab, the initial stress was 25% of the final 
stress. Thus, after initial stress, the slab could be expected to carry 25% of 
its self weight with the remaining 75% of the slab load supported by the 
shores. This particular slab, after initial stressing, lifted to leave 
approximately 80% of the slab load in the shores. This indicates that only 
approximately 20% of the slab load was balanced by the initial stress, rather 
than the required 25%. 
Legend: 
Shore SLR 
oo.o 
-1.0 to 0.0 
• -2.0 to -1.0 
Fig:a,~re 5.3 Slab Load Ratio in Shores after 25% Initial Stress 
Figure 5.4 indicates the slab load ratios for the shores after the fmal stress 
was applied. At this stage of stressing with full self-weight supposedly 
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balanced, it could be expected that the slab would have lifted fully, 
completely relieving the supporting shores of the slab load. This particular 
slab after final stress lifted to leave between 6% and 13% of the slab load in 
the shores. This indicates that between 87% and 94% of the slab self-weight 
was actually balanced by the post-tensioning. 
Legend: 
Shore SLR 
no.o 
-1.0 to 0.0 
• -2.0 to -1.0 
Figure 5.4 Slab Load Ratio in Shores after 100% (full) Stress 
Despite some residual load remaining in the shores after full stress had been 
applied, a significant number of shores were completely relieved of the slab 
load, as indicated in figure 5.4. Due to the number of influencing criteria 
and the variation in stress levels due to inconsistent stressing operations and 
stressing losses, a non-symmetrical and non-uniform distribution of shore 
loads results. 
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5.3.2 Slab Load Ratios 
Liu, Chen and Bowman (1985) examined the effects of slab edge fiXity on 
the load distribution process. They indicated that as the degree of slab edge 
fixity increased, the slabs attracted a greater proportion of the load while the 
shores attracted less, although the overall effect was minimal. In this 
examination of the slab load ratios, two averages are used to calculate the 
slab load ratios in the shores: an average of all the shores in the region being 
monitored and an average of the shore closest to the centre of the slab. The 
latter provides the best measure of the slab load ratio in the shores free from 
the effects of any slab edge fixity (or continuity). As will be demonstrated, 
however, the difference between the two averages is minimal. 
The actual properties of the concrete used in the level 2 and level 3 slabs are 
indicated in figure 5.5 and figure 5.6 respectively. These properties have 
been averaged from a number of cylinders tested for each batch of concrete. 
The modulus of elasticity has been derived from the compressive strength 
using Equation 5 .1. 
(5.1) 
Where: 
Ecj. =mean value of the modulus of elasticity at the relevant age 
(MPa) 
p = density of concrete (kg/m3) 
,, 
fcm = mean value of compressive strength at the relevant age 
(MPa) 
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Figure 5.7 indicates the slab load ratios determined using the simplified 
analysis method (section 4). The concrete properties indicated in figures 5.5 
and 5.6 have been used in the analysis. 
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Figure 5.7 Predicted Slab Load Ratios for Pilot Project 
Figure 5.8 indicates the slab load ratios for the pilot project obtained by 
averaging all of the shore slab load ratios. Figure 5.9 indicates the slab load 
ratios obtained by averaging the shores closest to the centre of the slab. The 
slab load ratios indicated for the level 3 shores are determined directly from 
the site data. The slab load ratios indicated for the slabs and the level 2 
reshores have been derived from the shore slab load ratios for the level 3 
shores. 
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Figure 5.9 Actual Shore Load Ratios for Pilot Project 
(average centre shores) 
It is evident from figures 5.7, 5.8 and 5.9 that there is a reasonable degree of 
correlation between the site obtained values and the predicted values. 
Examining the slab load ratio for the limited number of shores near the slab 
centre (figure 5.9) provides the closest agreement with the predicted values. 
Immediately after pouring the slab, with the concrete still in a plastic state, it 
is expected that the shores carry all of the applied load; a slab load ratio of 
1.0 in the shores. The actual slab load ratio in the level 3 shores was 0.98; an 
error of oniy 2%. This error is most likely attributable to inaccuracies in the 
measurement method. After the application of initial stress, a slab load ratio 
of 0.25 for the level 3 slab was expected. The actual value from the pilot 
project, as indicated in figure 5.9, was 0.22; an error of 12% for the slab 
load or an error of 4% for the shore load. After the application of final 
stress, the actual slab load ratio for the level 3 slab was 0.94; an error of 6% 
against the predicted values. 
The discrepancies between the predicted values and the site measured 
values, while certainly negligible, could be due to a number factors 
including: · 
a) inaccuracies and errors introduced during the site measurement 
procedure; 
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b) the effects of creep and shrinkage not accounted for m this 
examination; 
c) the presence of unaccounted construction loads; 
d) inaccuracies in the level of stressing achieved (under-stress or 
over-stress); 
e) stressing losses (e.g. anchorage slip, creep, shrinkage, duct 
friction, cable relaxation) allowing some of the balanced slab 
load to redistribute through the system; 
f) inaccuracies in the analysis model due to the simplifying 
assumptions. 
5.4 Summary of Observations from Pilot Project 
The results obtained from the pilot project allow the following conclusions 
to be drawn with regard to the effect of post-tensioning on multi-level 
formwork load redistribution: 
a) The assumption of slab lift, leading to a corresponding reduction 
in shore loads appears valid but a greater volume of data is 
required to allow a firm conclusion to be drawn. 
b) The Huggenberger extensiometer provided a robust and 
generally reliable means of obtaining shore extensions and 
contractions. 
c) The number of shores monitored on the full scale project should 
be such as to provide a reasonable level of redundancies. 
d) Two separate, yet typical, bays should be monitored on the full 
'' scale project to provide an even greater level of redundancy. 
e) The monitoring of an entire bay of shores (30 to 40 shores) daily 
over a number of floors is excessive and, therefore, only a 
quarter of a structural bay should be measured on the final 
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project. Allowing for slab and shore symmetry along the two 
primary centre lines of the slab, the results obtained will provide 
a representative result for the entire slab. 
f) The method adopted for the monitoring of temperature is suitable 
but, as with the pilot project, the shores should be measured at 
approximately the same time each day, thus avoiding major 
fluctuations in temperature. 
The simplified analysis method appears to predict the slab load ratios for the 
shores and slabs with a reasonable degree of accuracy. The volume of data 
available from the pilot project, however, is insufficient to draw any firm 
conclusions. The simplified analysis method assumes that the slab is a flat 
plate or flat slab with an aspect ratio of 1.0 and no edge continuity or fixity. 
The following section (section 6) details the development of a finite element 
model consisting of three-dimensional plate and pin-ended truss elements. 
This finite element model enables the actual slab properties (e.g. aspect 
ratio, edge fixity, changes in structural section properties) to be modelled so 
that their effect on multi-level formwork load distribution is included in the 
analysis. The finite element model and the simplified analysis method are 
then used to predict the slab and shore loads for the full scale project 
(section 7). 
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6. FINITE ELE:MENT MODEL 
6.0 General 
The simplified analysis method, outlined in section 4, for determining slab 
load ratios provides a simple procedure for designers when determining or 
assessing shoring procedures and construction cycle times. The simplified 
analysis method is based on the same simplifying assumptions adopted 
within the simplified analysis method: 
a) infinite shore stiffness; 
b) infinite foundation stiffness; 
c) concrete creep and shrinkage are be ignored; 
d) the slabs are flat plates with constant sectional properties, no edge 
fixity and an aspect ratio of 1.0. 
A more detailed method is required to accurately represent the actual 
situation if it differs from the basic structural model. This section details a 
finite element model consisting of three-dimensional plate and pin-ended 
truss elements, developed to represent more accurately the actual structural 
sections when determining the multi-level formwork load distribution. 
6.1 Computer Models of the Shoring Procedure 
In attempts to model the actual physical properties of the slabs and shoring 
more accurately, a number of researchers have modelled the structure and 
shoring procedure using two and three-dimensional computer models. 
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Liu, Chen and Bowman (1985) for example, used a three-dimensional finite 
element model to examine the effects of foundation rigidity, column axial 
sti:f:f:TI.ess, slab aspect ratio and shore sti:f:f:TI.ess distribution. Their model was 
based on the following assumptions: 
a) the slabs behave elastically; 
b) the slab stiffness is time dependant; 
c) the slab edges are free or rotationally ftxed but are free to deflect; 
d) the vertical deflection of the slabs at the column joints can be 
neglected; 
e) the weight and structural details of the slabs are similar; 
f) the shores and reshores are continuous elastic supports with equal 
stiffness; 
g) the joints between the shores and slabs are pin ended connections; 
h) the foundation is rigid and unyielding. 
Numerous other researchers (Aguinaga-Zapata and Bazant 1986; Liu and 
Chen 1987; McAdam and Behan 1988; McAdam 1989; Mosallam and Chen 
1992; El-Shahhat and Chen 1992; Stivaros and Halvorsen 1992; El-Shahhat, 
Rosowsky and Chen 1993) have used various computer models to examine a 
range of criteria influencing multi-level formwork load distribution. It was 
commonly found that the simplified analysis method was able to predict the 
location and construction stage at which the maximum slab and shore loads 
occurred but it did not accurately determine the magnitude of these loads. 
The computer models are claimed to model the actual situation more 
accurately.· This would seem a reasonable assumption, although of these 
researchers, only McAdam (1989) compared the results of his computer 
' 
model with physically measured values. The effects of post-tensioning were 
not modelled by any of the proposed computer models. 
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6.2 Finite Element Model 
To represent more accurately the structural system and shoring procedure 
for the full scale project and to model and examine the effects of post-
tensioning on multi-level formwork load distribution, a three-dimensional 
finite element model was developed. The model was analysed using the 
Algor VisiCad Plus· package. This section describes the structural 
component models and construction stage models used in the finite element 
model to represent the full scale project. An overall schematic representation 
of the structural component model adopted for this analysis is indicated in 
figure 6. 1. The rationale behind the adoption of the particular elements is 
described in the following sections. 
Slab 
(3D plate element) 
Steel shore 
(3D pin-ended truss element) 
Column 
(pin support) 
~ Foundation 
(pin support) 
, Figure 6.1 Schematic Structural Component Model 
for Full Scale Project 
• Algor VisiCad Plus: Modelling for Finite Element Analysis', Algor Inc., 150 Beta Drive, 
Pittsburgh, PA 15238-2932. 
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6.2.1 Slabs 
The slab structure on the full scale project typically consists of one-way 
post-tensioned slabs and beams. In the regions being monitored, the beams 
contain draped tendons and nominal reinforcement. The slabs contain 
draped tendons for load balancing and strength running perpendicular to the 
beams and non-draped (horizontal) tendons running centrally through the 
slab parallel to the beams for shrinkage crack control. The slabs are 
nominally reinforced. 
All slab levels in the regions being monitored are essentially symmetrical 
about both primary axes (refer figure 6.2). Allowing for this symmetry, only 
V4 of the slab is modelled to save computation time. The edge fixity for the 
slab edges along the lines of symmetry have been set to allow only vertical 
translation· with all other degrees of freedom (translation and rotation) 
restrained. The continuous slab edges were also restrained such that 
translation is allowed in the vertical direction and fully fixed in all other 
degrees of freedom. Translation in the vertical direction at the column 
support was restrained as described in following sections. 
The slabs were modelled as three-dimensional finite element plate members 
consisting of 3 different structural sections as indicated in figure 6.3 and 
table 6.1. The thickness of the splays on the band beams is modelled as the 
weighted average of the slab thickness and the beam thickness. The concrete 
material properties used in the finite element model are the actual properties 
as deternP.ned from the project testing. Allowance has been made in the 
model for the relative age and hence stiffness of the concrete. 
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Line of 
symmetry 
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Slab region modelled. 
Refer figure 6.3 
Figure 6.2 Lines of Slab Symmetry 
Table 6.1 Finite Element Section Properties 
Slab Level Section Thickness 
(mm) 
Mezzanine A 180 
B 225 
c 350 
Boulevard A 200 
B 305 
c 600 
Levell A 180 
B 290 
c 600 
Level2 to 14 A 160 
B 189 
c 270 
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Line of 
Symmetry 
Line of 
Symmetry 
All sections type A 
unless noted otherwise 
1000 
B 
B 
B 
B 
B 
1000 
B C 
c c 
B c 
c c 
B c 
c c 
B c 
c c 
B c 
c c 
B c 
Figure 6.3 Slab Finite Element Mesh 
' 
6.2.2 Columns 
Stephen L. Kajewski 
Under the weight of a slab, the concrete colurrms compress a negligible 
amount, particularly when compared with the compression of the shores. 
The shortening of the colurrms is, therefore, ignored in the analysis. To 
confirm this assumption, a number of trial finite element analyses were 
performed in which the colurrms were modelled with their full sectional 
properties and alternately as fully restrained supports. The results from these 
trial analyses indicated no discernible difference between the shore loads for 
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the two models. Column shortening is ignored in the flnite element analysis 
and the columns are modelled as pinned supports rather than vertical 
concrete members with flnite sectional properties. 
6.2.3 Steel Shores 
The steel shores are modelled in the flnite element model as three-
dimensional pin-ended truss elements with the material and sectional 
properties determined from manufacturers' data. The shores used on the 
project were a combination ofBoral Standard No.2 Props (single shore) and 
Boral V-Shore (shore frames) with the follov..ing properties: 
a) 60.3 mm outside diameter x 3.6 mm wall thickness; 
b) grade 250 steel; 
c) modulus of Elasticity 200x 1 03 MPa; 
d) cross-sectional area 641 mm2; 
e) coefficient of thermal expansion 11.7xl 0-6 I°C. 
6.2.4 Foundations 
As detailed in section 2, the flexibility of the foundations has a minor effect 
on the multi-level formwork load distribution. Two values are adopted for 
foundation stiffness in this finite element model: infinite stiffuess, and a 
value of 150 kN/m2 as an approximation to the actual foundation stiffuess 
for the full scale project. These two values will provide upper and lower 
bound slab load ratios. 
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6.3 Construction Stage Modelling 
It is necessary for the finite element model to determine the multi-level 
form work load distribution at the following construction stages: 
a) pouring a new slab; 
b) stressing a slab; 
c) stripping shores and reshores; 
d) reshoring. 
Each of these construction stages was modelled individually with the slab 
load ratios at any stage of construction being determined through a process 
of superposition (defined later). The following sections detail how each of 
the construction stages is modelled in the finite element analysis and how 
the process of superposition is used to determine the slab load ratio at any 
stage of construction. 
6.3.1 Pouring a New Slab 
Figure 6.4 indicates the construction stage model for the pouring of a new 
slab. As indicated, when a slab is first poured and in a plastic state, it has no 
strength or stiffness and the shores are required to support the new slab load 
fully. To model this stage of construction, the actual shore properties as 
described previously are adopted; the new slab stiffness (Ec) is set to zerot; 
and all other slab stiffuesses are set at their actual time dependant values. 
t It was necessary to set the value of concrete stiffness for a new slab as a very small value 
rather than 0.0. This is because the Algor VisiCad Plus package treats a value of 0.0 as a 
default equivalent to lxl0 10 N/m2• A value of lx 10-6 N/m2 was adopted. 
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+--- New slab 
Ec=O 
+------Shores 
Es =actual value 
+------Shores 
Es =actual value 
Figure 6.4 Construction Stage Model- Pouring a New Slab 
6.3.2 Stressing a Slab 
Figure 6.5 indicates the construction stage model for the stressing of a slab. 
To model the stressing operation, an upward load equivalent to the portion 
of slab load balanced by the stressing is applied to the slab being stressed. 
If this load is applied to the slab being stressed, it would place the shores 
supporting that slab into tension. This in tum would tend to lift the other 
slabs and shores in the interconnected system. In practice, the shores are 
unable to develop tension as they are not rigidly fixed to the slab over and 
' slab under. To model this inability for the shore to develop tension, it would 
be necessary for the shores to be set as zero tension gap elements. Setting 
the shores as zero tension gap elements in the analysis, however, does not 
result in the required redistribution of loads in response to the stressing. As a 
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process of superposition has been adopted, it is necessary for this stage of 
construction to "lift' the slab load from the supporting slabs such that 
reverse loads are induced in the structure. These reverse loads, when super-
imposed on the existing loads, produce the required load distribution for this 
particular stage of construction. Zero-tension gap elements, being unable to 
develop tension, are not able to 'lift' the supporting structure to generate 
these reverse loads. To overcome this problem, the shores are left as pin-
ended truss members but the stiffness of the slab being stressed is set to zero 
regardless of its actual stiffness. This produces the same effect as if the 
shores were unable to develop tension but provides the required load 
redistribution. The stiffness for other slabs and shores are set at their actual 
values. 
+------ Portion of typical 
slab load balanced 
by the stressing 
+------Shores 
Es =actual value 
+------ Shores 
E5 =actual value 
~-- Existing slab 
=="' Ec =actual value 
Figure 6.5 Construction Stage Model - Stressing a Slab 
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6.3.3 Stripping Shores and Reshores 
Figure 6.6 indicates the construction stage model for stripping shores or 
reshores. As indicated, the load that was in the shores to be stripped 
immediately prior to their removal is applied to the slab being stripped. To 
model this stage of construction, the actual properties for the shores and 
slabs at the particular age are used. 
(a) Prior to Stripping 
(b) Stripping Model 
~----- Shores 
E5 = actual value 
>---- Loads in shores 
prior to stripping 
+------ Existing slab 
Ec = actual value 
~-----Shores 
E5 = actual value 
Figure 6.6 Construction Stage Model - Stripping Shores or Reshores 
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6.3.4 Reshoring 
As reshores are installed without any load in them, they do not alter the 
multi-level· formwork load distribution. It is, therefore, unnecessary to 
model this stage of construction. 
6.3.5 Superposition of Construction Stage Models 
The analysis of the individual construction stage models provides slab and 
shore loads for a particular stage of construction as if it was the only stage. 
A multi-level formwork procedure is a continuous activity with the slab and 
shore loads adjusting at each stage of construction as a new load-sharing 
equilibrium is reached. As each new slab is added, for example, the load 
distribution resulting from that new load must combine with loads that 
already exist in the slabs and shores from earlier construction activities. It is 
only by examining the cumulative effects that the actual slab and shore 
loads can be ascertained. 
The finite element model developed for this project is based on a process of 
superposition in which the load distribution resulting from a particular 
construction stage is added to the loads already existing in the system. A 
similar form of superposition was adopted by El-Shahhat and Chen (1992: 
529-530) who used the principle of superposition to 'calculate accumulated 
displacements due to successive loading steps and removing shores and 
reshores'. 
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Figure 6.7 indicates a simple example using the individual construction 
stage models and superposition. Figure 6.7(a) indicates the addition of the 
first level slab resulting in a slab load ratio of 1.00. Figure 6.7(b) indicates 
the stressing of that first level slab resulting in a slab load ratio in the shores 
of -1.00. This slab load ratio is then added to the existing slab load ratio of 
1.00 from figure 6.7(a) to give a net slab load ratio in the shores of 0.00. 
Figure 6.7(c) indicates the addition of the second level slab which results in 
a slab load ratio of 1.00 in the lowest level of shores. This slab load ratio is 
added to the existing slab load ratio of 0.00 from figure 6.7(b) resulting in a 
net slab load ratio in the shores of 1.00. 
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(a) Pour New Slab 
(b) Stress Slab 
(full load balance) 
(c) Pour New Slab 
Stephen L. Kajewski 
1 typical slab load 
+--- New slab 
Ec=O 
1 typical slab load 
~----- SLR= -1.00 
+ 1.00 existing SLR from (a) 
=0.00 
1 typical slab load 
SLR=l.OO 
SLR= 1.00 
+ 0.00 existing SLR from (b) 
= 1.00 
!igure 6.7 Superposition of Construction Stage Models 
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7. FULL SCALE PROJECT 
7.0 General 
The results obtained from the pilot project were encouraging in that they 
tended to confirm the phenomenon of slab lift and a resulting reduction in 
the supporting shore loads. There was, however, an insufficient volume of 
data to allow any firm conclusions to be drawn. This section details the 
results of a full scale measurement project undertaken to provide a suitable 
volume of data allowing firm conclusions to be made on the effect of post-
tensioning on multi-level formwork load distribution. 
The data from the full scale project is also used to confirm the suitability 
and accuracy of the simplified analysis method (detailed in section 4) and 
the finite element analysis model (detailed in section 6). This finite element 
model is used to undertake a parametric study into the effects of post-
tensioning for a range of construction situations. 
7.1 The Project 
The full scale project for this investigation was the Rydges Convention 
Hotel, So);lthbank Brisbane. The following sections describe this project and 
the measurement techniques used in the collection of the shore load data. 
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7.2 Monitoring of Shore Loads 
This section describes the measurement procedure adopted to monitor the 
shore loads on the full scale project. A function of the pilot project was to 
ascertain the suitability of the measurement techniques for the full scale 
project. The procedures as detailed reflect observations made while 
measuring the shore loads on the pilot project. The site data obtained from 
the full scale project is presented in appendix E. 
7.2.1 Slab Regions Monitored 
The project consisted of 14 levels of primarily one-way post-tensioned 
concrete slabs and beams (Figure 7.1), although only up to and including 
level 11 were monitored. The roof shores were not monitored due to the 
non-typical slab structure and applied loads. The structural engmeenng 
drawings for each slab level are provided in part in appendix F. 
Roof 
Levell! 
I 
Level2 to 1 1 
typical 
1 
Level2 
Levell 
Bou levard 
M ezzanine 
Figure 7.1 Schematic Representation of Full Scale Project 
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To obtain a greater volume of data and to provide a greater level of 
redundancy, the shore loads were monitored for each level of the structure in 
two separate slab regions: between grids 7 and 8 and grids 9 and 10 as 
indicated in figure 7.2. The regions were selected for the following reasons: 
a) The slab was level in these regions although the mezzanine level 
slab was slightly inclined in one of the regions. 
b) The reinforcement and post-tensioning in these regions were 
without irregularities and were similar in quantity and 
arrangement to other typical post-tensioned slabs. 
c) The slab aspect ratios were within the range of 0.6 to 1.0, 
identified by Liu, Chen and Bowman (1985) as having little 
effect on the shore loads. 
d) There were no initial plans to place any abnormally heavy 
construction loads on the slabs in these regions. 
e) The regions were close to the building perimeter allowing 
.suitable levels of natural light for the measurement reading. 
For this project, only ~ of the shores would be monitored as indicated in 
figure 7.2. Due to the symmetry of the slab, it can be assumed that these 
shores are representative of the entire bay. Even so, with two regions being 
measured, this resulted in up to 30 shores per slab level being monitored 
daily. With up to 3 levels of undisturbed shores in place at any stage, the 
daily measurements required to be taken reached up to 90 per day at the 
peak periods of the project. 
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Figure 7.2 Slab Region Measured on Full Scale Project 
7.2.2 Measurement Techniques 
The techniques adopted on the pilot project with regard to measurement 
frequencY, temperature measurement and shore load measurement were also 
adopted for the full scale project. Information on the techniques is provided 
in section 5. 
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7.3 Examination of the Site Data 
The pilot project tended to confirm that post-tensioning results in a slab 
being required to carry some portion of its self-weight with a corresponding 
unloading of the supporting shores and slabs. The magnitude of the load 
removed from the supporting structure is in direct proportion to the slab 
self-weight balanced by the post-tensioning. There was, however, 
insufficient data available from the pilot project to draw a firm conclusion. 
An examination of the full scale project data allows a number of conclusions 
to be drawn. 
7.3.1 Slab Lift due to Load Balancing 
At certain stages of construction, it was impossible to obtain Huggenberger 
extensiometer measurements from some or all of the shores. There were a 
number of reasons for this including site closures, Huggenberger markers 
knocked off the shores, individual shore removal and restricted access to 
certain slabs during stripping and stressing operations. Further, it was not 
feasible to place Huggenberger extensiometer markers on the reshores after 
a slab had been reshored. As such, only slab load ratios for the undisturbed 
shores were obtained. There are no slab load ratios available for the reshored 
levels. In circumstances where there are no slab load ratios available as the 
reading was not possible, or where the slab had been reshored, the slab load 
ratio is indicated as "???" in the figures. 
Appendix I contains the slab loads ratios obtained from site measurements 
for all stages of construction of the full scale project. Figure 7.3 indicates the 
actual slab load ratios as determined from the site data for the mezzanine 
level slab. The "centre" value in figure 7.3 is the slab load ratio in the shore 
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or the slab as measured at the centre of the slab. The "average" value in 
figure 7.3 is the slab load ratio for the shores or slab when averaged across 
the entire slab. Refer to appendix I for further details. 
Centre value \ r Average value 
??? ??? 
1:2:1:2:1 ~:~~ 0.23 1.00 0.92 IX! XI ??? ??? 0.77 1~1~1 0.00 0.08 
22 Apr 1995 23 Apr 1995 28 Apr 1995 
Pour Mezz. Initial Stress Full Stress 
(a} Grid 7-8 
IXI:E:I ~~J ??? 1:2:1:2:1 ~:~ci 0.23 0.99 0.94 ??? 0.77 1~1~1 0.01 0.06 
22 Apr 1995 23 Apr 1995 28 Apr 1995 
Pol.lrMezz. Initial Stress Full Stress 
(b) Grid 9-10 
Figure 7.3 Mezzanine Level Slab Load Ratios (Actual) 
The post-tensioning for the full scale project was designed such that full 
stress balanced the full slab self-weight. This full stress was to be applied to 
the slab at an age of 5 days (typically) and a concrete compressive strength 
of 22 MPa or better. The initial stress was to be 25% of full stress applied at 
a slab age of approximately 24 hours. As indicated in figure 7.3 at the stage 
of initial stress (23 April 1995), the data from the full scale project indicates 
that the slab was forced to carry between 23% and 25% of its self-weight. 
The unbalanced portion of the slab self-weight (75% to 77%) remained in 
the supporting shores. At the stage of final or full stress (28 April 1995), the 
slab lifted'to carry between 92% and 100% of its self-weight. 
This phenomenon is similar for all of the full scale project slabs when 
receiving initial or final stress, as indicated in table 7.1 and appendix I. 
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Table 7.1 indicates that for the initial stress stage, the error in slab load 
balanced varies from 0.00 to 0.07 of a typical slab load. The error in slab 
load ratio for the full stress stage varies from 0.00 to 0.09 of a typical slab 
load. This represents a maximum error of 9%. 
Table 7.1 Errors in Load Balancing 
Slab Slab Initial Stress Full Stress 
Level Location (25% of Full) (100%) 
Actual Error Actual Error 
Slab Slab 
Load Load 
Ratio Ratio 
Mezzanine Grid 7-8 0.23 0.02 0.92 0.08 
level Grid 9-10 0.23 0.02 0.94 0.06 
Boulevard Grid 7-8 0.21 0.04 0.97 0.03 
level Grid 9-10 0.20 0.05 0.95 0.05 
Levell Grid 7-8 0.22 0.05 0.98 0.02 
Grid 9-10 0.23 0.02 0.95 0.05 
Level2 Grid 7-8 0.22 0.03 0.95 0.05 
Grid 9-10 0.22 0.03 0.96 0.04 
Level3 Grid 7-8 0.18 0.07 
Grid 9-10 0.25 0.00 0.95 0.05 
Level4 Grid 7-8 0.91 0.09 
Grid 9-10 0.95 0.05 
LevelS Grid 7-8 0.22 0.03 0.91 0.09 
Grid 9-10 0.19 0.06 0.93 0.07 
Level6 Grid 7-8 0.95 0.05 
Grid 9-10 0.92 0.08 
Level 7 Grid 7-8 0.93 0.07 
Grid 9-10 0.95 0.05 
Level8 Grid 7-8 0.26 0.01 0.93 0.07 
Grid 9-10 0.22 0.03 0.91 0.09 
Level9 Grid 7-8 0.27 0.02 1.00 0.00 
Grid 9-10 0.23 0.02 0.94 0.06 
Level10 Grid 7-8 0.25 0.00 1.00 0.00 
Grid 9-10 0.23 0.02 0.92 0.08 
Level11 Grid 7-8 0.23 0.02 0.94 0.06 
Grid 9-10 0.26 0.01 0.96 0.04 
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From the low error levels and the trends indicated in table 7.1 and appendix 
I, it can be concluded that the effect of post-tensioning is to force a slab to 
carry a portion of its self-weight in direct proportion to the slab load 
balanced. There is a corresponding reduction in the supporting shore and 
slab loads. For example, if 25% of the slab self-weight is balanced by the 
post-tensioning, it can be assumed that the slab is forced to carry 25% of its 
self-weight. The remaining 75% of the slab self-weight being carried by the 
supporting slabs and shores. If the full slab self-weight is balanced by the 
post-tensioning, the supporting shores and slabs are completely unloaded of 
this slab's self-weight. 
7.3.2 Foundation Shore Loads 
When constructing conventionally reinforced slabs usmg multi-level 
formwork, the slab loads are cumulative at the undisturbed foundation level 
shores (appendix A). The actual slab load ratios (figures 7.3 to 7.5 and 
appendix I) from the full scale project confirm that the slab loads for a post-
tensioned structure are not cumulative at the undisturbed foundation level 
shores. All shores, including the foundation level shores, have been 
unloaded by the post-tensioning of the slabs before each new slab is poured. 
As such, the only load in the foundation level shores (as well as other levels 
of shores) is from the newly added slab. 
As indicated in figures 7.3 to 7.5, there is actually some residual load left in 
the foundation level shores after the stressing operations due to a number of 
practical factors (e.g. stressing losses, under-stressing). These residual loads 
are cumulative with the new slab load, but are not generally significant. For 
the full scale project, figure 7.3 (28 April 1995, Grids 7-8) indicates a 
maximum residual load in the foundation level shores after full stress of 
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only 0.08 or 8% of a typical slab load. For all intents and purposes, it can be 
concluded that the shores are completely unloaded, thus the shore loads are 
not cumulative at the foundation level shores. 
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Figure 7.5 Levell Slab Load Ratios (Actual) 
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7.3.3 Load Distribution 
It is also interesting to note that there is not a significant redistribution of 
loads when a slab is stripped and reshored (figure 7.5, 31 May 1995 to 9 
June 1995). As the shores to be stripped have generally been unloaded by 
the load balancing effects of the post-tensioning, there is no load to be 
redistributed (as indicated in practice there may be a small residual load to 
be redistributed). The considerable redistribution of loads that arises during 
a reshoring operation for conventionally reinforced slabs is the reason that 
reshoring is avoided for such slabs. As will be explained in section 8, the 
insignificant redistribution of loads arising with post-tensioned slabs makes 
them ideally suited to a reshoring operation. 
After the undisturbed foundation level shores have been stripped, it is 
evident from the actual slab load ratios (appendix I), that the process ofload 
distribution arising from the addition of a nevr slab is similar to that of 
conventionally reinforced slabs. That is, the load is distributed downwards 
to the supporting slabs in direct proportion to their relative stiffness. 
It is also evident from appendix I that post-tensioning operations result in a 
redistribution of loads upwards. This upwards redistribution increases the 
load on the slab being stressed and lessens the load on all other slabs. This 
phenomenon is explored in greater detail in section 8. 
7.4 Examination of the Suitability of the Analysis Techniques 
The sh1b load ratios obtained from measurements on the full scale project 
are to be used to confirm the suitability of the simplified analysis method 
(section 4) and the finite element model (section 6). These methods are then 
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used to undertake a parametric study of a number of issues related to post-
tensioning and its effect on multi-level formwork load distribution. The slab 
load ratios as predicted by the simplified analysis method and the finite 
element model are presented in appendix G and appendix H respectively. 
The variation in slab load ratios for the slabs on the full scale project 
(appendix I) when compared with the values predicted by the simplified 
analysis method (appendix G) and the finite element model (appendix H) are 
indicated in tables 7.2 to 7.5. The tables provide the slab load ratios for the 
centre of the slab region and the average of all values for the two slab 
regions monitored. 
Tables 7.2 to 7.5 only list the slab load ratio and variation in slab load ratio 
for the slabs, the slab load ratio for the shores are not provided. It should 
also be noted that the construction stages (or dates) at which the predicted 
values were in agreement with the actual values are not listed; only those 
stages when there was a variation between the predicted and actual values 
are provided. The variation in slab load ratio is listed as an absolute value. A 
variation of 0.05, for example, indicates that the actual slab load ratio and 
the predicted slab load ratio vary by 0.05 of a typical slab load or 5% of a 
typical slab load. 
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Table 7.2 Variation in Slab Load Ratio (Grid 7-8, Centre Shore) 
Slab Predicted Actual Variation in Slab Predicted Actual Variation in 
Level Slab Slab Slab Level Slab Slab Slab 
Load Load Load Load Load Load 
Ratio Ratio Ratio Ratio Ratio Ratio 
Simp. FEM Simp. FEM Simp. FEM Simp. FEM 
Mezzanine Level6 
10-May-95 1.00 l.OO 1.01 0.01 0.01 8-Aug-95 0.50 0.50 0.45 0.05 0.05 
14-May-95 1.00 1.00 1.02 0.02 0.02 9-Aug-95 1.00 1.00 0.98 0.02 0.02 
20-Jun-95 l.20 1.19 1.18 0.02 0.01 10-Aug-95 1.00 1.00 0.99 0.01 0.01 
Boulevard 16-Aug-95 1.24 1.18 1.25 0.01 0.07 
14-May-95 l.OO l.OO 0.98 0.02 0.02 23-Aug-95 1.54 1.54 1.60 0.06 0.06 
28-May-95 1.00 1.00 1.02 0.02 0.02 Leve17 
14-Jun-95 l.OO 1.00 1.10 0.10 0.10 18-Aug-95 0.46 0.46 0.44 0.02 0.02 
15-Jun-95 1.00 1.00 1.0 I 0.01 0.01 23-Aug-95 0.46 0.46 0.40 0.06 0.06 
20-Jun-95 1.20 1.16 1.26 0.06 0.10 29-Aug-95 1.19 1.19 1.20 0.01 0.01 
6-Jul-95 1.27 1.33 1.34 0.07 0.01 30-Aug-95 1.55 1.53 1.54 0.01 0.01 
Level l 2-Sep-95 1.55 1.53 1.56 0.01 0.03 
28-May-95 0.25 0.25 0.21 0.04 0.04 LevelS 
15-Jun-95 1.00 1.00 1.03 0.03 0.03 30-Aug-95 0.45 0.47 0.46 0.01 0.01 
20-Jun-95 1".19 1.19 1.20 0.01 0.01 2-Sep-95 0.44 0.47 0.44 0.03 
5-Jul-95 1.18 1.18 1.17 0.01 0.01 7-Sep-95 1.!8 1.18 1.21 0.03 0.03 
Level2 8-Sep-95 1.53 1.53 1.55 0.02 0.02 
15-Jun-95 0.25 0.25 0.23 0.02 0.02 12-Sep-95 1.53 1.53 1.60 0.07 0.07 
20-Jun-95 0.42 0.36 0.36 0.06 Level9 
5-Jul-95 1.18 1.13 1.13 0.05 7-Sep-95 0.25 0.25 0.24 0.01 0.01 
Level3 8-Sep-95 0.47 0.47 0.45 0.02 0.02 
6-Jul-95 0.27 0.27 0.25 0.02 .0.02 12-Sep-95 0.47 0.47 0.40 0.07 0.07 
17-Jul-95 1.56 1.53 1.52 0.04 0.01 15-Sep-95 1.25 1.25 1.23 0.02 0.02 
20-Jul-95 1.55 1.53 1.62 0.07 0.09 21-Sep-95 1.62 1.62 1.65 0.03 0.03 
Level4 Level 10 
17-Jul-95 0.45 0.47 0.48 0.03 0.01 16-Sep-95 0.25 0.25 0.21 0.04 0.04 
20-Ju1-95 0.45 0.47 0.38 0.07 0.09 21-Sep-95 0.38 0.38 0.35 0.03 0.03 
27-Jul-95 1.24 l.22 1.20 0.04 0.02 26-Sep-95 1.25 l.25 1.23 0.02 0.02 
28-Jul-95 1.18 1.16 1.16 0.02 30-Sep-95 1.49 1.49 1.48 0.01 0.01 
LevelS Level 11 
28-Jul-95 0.25 0.25 0.26 0.01 0.01 27-Sep-95 0.25 0.25 0.27 0.02 0.02 
5-Aug-95 l.24 1.24 1.25 0.01 0.01 30-Sep-95 0.51 0.51 0.52 0.01 0.01 
8-Aug-95 1-.50 1.50 1.55 0.05 0.05 
9-Aug-95 1.00 1.00 1.02 0.02 0.02 
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Table 7.3 Variation in Slab Load Ratio (Grid 7-8, Average all Shores) 
Slab Predicted Actual Variation in Slab Predicted Aetna.! Variation in 
Level Slab Shib Slab Level Slab Slab Slab 
Load Load Load Load Load Load 
Ratio Ratio Ratio Ratio Ratio Ratio 
Simp. FEM Simp. FEM Simp. FEM Simp. FEM 
Mezzanine LevelS 
23-Apr-95 0.25 0.25 0.23 0.02 0.02 28-Jul-95 0.25 0.25 0.22 0.03 0.03 
28-Apr-95 1.00 1.00 0.92 0.08 0.08 2-Aug-95 1.00 1.00 0.91 0.09 0.09 
9-May-95 1.00 1.05 1.04 0.04 0.01 5-Aug-95 1.24 1.25 1.24 0.01 
10-May-95 1.00 1.00 0.99 O.DI 0.01 8-Aug-95 1.50 1.5.0 1.49 0.01 0.01 
14-May-95 1.00 1.00 0.98 0.02 0.02 9-Aug-95 1.00 1.00 1.05 0.05 0.05 
9-Jun-95 1.00 1.07 LOS 0.05 0.02 Level6 
20-Jun-95 1.20 1.15 1.19 0.01 0.04 8-Aug-95 0.50 0.50 0.51 0.01 0.01 
Boulevard 9-Aug-95 1.00 1.00 0.95 0.05 0.05 
10-May-95 0.25 0.25 0.21 0.04 0.04 10-Aug-95 1.00 1.00 0.94 0.06 0.06 
14-May-95 1.00 1.00 0.97 0.03 0.03 16-Aug-95 1.24 1.18 1.25 0.01 0.07 
31-May-95 1.00 0.93 1.00 0.07 18-Aug-95 1.54 !.55 1.53 0.01 0.02 
9-Jun-95 1.00 0.94 1.01 0.01 0.07 23-Aug-95 1.54 1.55 1.60 0.06 0.05 
14-Jun-95 1.00 1.00 0.93 0.07 0.07 Level7 
15-Jun-95 1.00 0.98 1.1.0 0.10 0.12 18-Aug-95 0.46 0.45 0.47 0.01 0.02 
20-Jun-95 1.20 1.23 1.24 0.04 0.01 23-Aug-95 0.46 0.45 0.4 0.06 0.05 
22-Jun-95 1.00 1.00 1.07 0.07 0.07 25-Aug-95 1.00 1.00 0.93 0.07 0.07 
30-Jun-95 1.00 1.00 1.02 0.02 0.02 28-Aug-95 1.25 !.26 1.3 0.05 0.04 
6-Jul-95 1.27 1.32 1.31 0.04 0.01 29-Aug-95 l.l9 l.l9 1.23 0.04 0.04 
Levell 30-Aug-95 1.55 1.54 1.51 0.04 0.03 
28-May-95 0.25 0.25 0.22 0.03 0.03 2-Sep-95 1.55 1.54 1.56 0.01 0.02 
31-May-95 1.00 1.00 0.98 0.02 0.02 LevelS 
9-Jun-95 1.00 1.00 0.94 0.06 0.06 29-Aug-95 0.25 0.25 0.26 0.01 0.01 
15-Jun-95 1.00 1.10 1.01 0.01 0.09 30-Aug-95 0.45 0.46 0.49 0.04 0.03 
20-Jun-95 1.19 1.31 1.22 0.03 0.09 2-Sep-95 0.44 0.46 0.44 0.02 
22-Jun-95 1.00 1.00 0.98 0.02 0.02 4-Sep-95 1.00 1.00 0.93 0.07 0.07 
30-Jun-95 i.oo 1.00 1.05 0.05 0.05 6-Sep-95 1.24 1.25 1.27 0.03 0.02 
5-Jul-95 1.18 1.32 1.30 0.12 0.02 7-Sep-95 1.18 1.19 1.16 0.02 0.03 
Level2 8-Sep-95 1.53 1.54 1.59 0.06 0.05 
15-Jun-95 0.25 0.25 0.22 0.03 0.03 12-Sep-95 1.53 1.54 1.69 0.16 0.15 
20-Jun-95 0.42 0.31 0.35 O.Q7 0.04 Level9 
22-Jun-95 1.00 1.00 0.95 0.05 0.05 7-Sep-95 0.25 0.25 0.27 0.02 0.02 
30-Jun-95 1.00 1.00 0.93 0.07 0.07 8-Sep-95 0.47 0.46 0.41 0.06 0.05 
5-Jul-95 1.18 1.06 1.16 0.02 0.10 15-Sep-95 l.25 1.26 1.25 0.01 
Level3 21-Sep-95 1.62 1.62 1.61 0.01 0.01 
5-Jul-95 0.25 0.25 0.18 0.07 0.07 Level 10 
6-Jul-95 0.27 0.26 0.28 0.01 0.02 21-Sep-95 0.38 0.38 0.39 0.01 0.01 
17-Ju1-95 '1.56 1.5 1.51 0.05 0.01 26-Sep-95 1.25 1.26 1.22 0.03 0.04 
20-Jul-95 1.55 1.5 1.62 0.07 0.12 30-5ep-95 1.49 1.50 1.54 0.05 0.04 
Level4 Levelll 
17-Jul-95 0.45 0.5 0.49 0.04 0.01 27-Sep-95 0.25 0.25 0.23 0.02 0.02 
20-Jul-95 0.45 0.5 0.38 O.D7 0.12 30-Sep-95 0.51 0.50 0.46 0.05 0.04 
22-Jul-95 1.00 1.00 0.91 0.09 0.09 4-Sep-95 1.00 1.00 0.94 0.06 0.06 
2-Aug-95 1.00 1.00 1.09 0.09 0.09 
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Table 7.4 Variation in Slab Load Ratio (Grid 9-10, Centre Shore) 
Slab Predicted Actual Variation in Slab Predicted Actual Variation in 
Level Slab Slab Slab Level Slab Slab Slab 
Load Load Load Load Load Load 
Ratio Ratio Ratio Ratio Ratio Ratio 
Simp. FEM Simp. FEM Simp. FEM Simp. FEM 
Mezzanine Level4 
23-Apr-95 0.25 0.25 0.24 0.01 0.01 17-Jul-95 0.45 0.47 0.48 0.03 0.01 
28-Apr-95 1.00 1.00 0.99 0.01 0.01 20-Jul-95 0.45 0.47 0.45 0.02 
9-May-95 1.00 1.00 1.04 0.04 0.04 27-Jul-95 1.24 !.22 !.!6 0.08 0.06 
10-May-95 !.00 1.00 0.99 0.01 0.01 28-Jul-95 1.18 !.!6 !.!9 0.01 0.03 
20-Jun-95 1.20 1.19 1.20 0.01 LevelS 
Boulevard 28-Jul-95 0.25 0.25 0.24 0.01 0.01 
10-May-95 0.25 0.25 0.22 0.03 0.03 Level6 
28-May-95 !.00 1.00 !.0 l 0.01 0.01 16-Aug-95 1.24 1.18 1.21 0.03 0.03 
15-Jun-95 1.00 1.00 1.01 0.01 0.01 18-Aug-95 l.54 1.54 !.53 0.01 0.01 
20-Jun-95 1.2 1.16 1.23 0.03 0.07 Level7 
6-Jul-95 !.27 1.33 1.36 0.09 0.03 18-Aug-95 0.46 0.46 0.47 0.01 0.01 
Levell 30-Aug-95 1.55 1.53 1.56 0.01 0.03 
28-May-95 0.25 0.25 0.24 0.01 0.01 LevelS 
15-Jun-95 !.00 1.00 !.0 I 0.01 0.01 29-Aug-95 0.25 0.25 0.22 0.03 0.03 
20-Jun-95 1-.19 1.19 !.22 0.03 0.03 30-Aug-95 0.45 0.47 0.44 0.01 0.03 
5-Ju1-95 1.18 l.l8 1.14 0.04 0.04 8-Sep-95 L53 !.53 1.5 0.03 0.03 
Level2 Level9 
15-Jun-95 0.25 0.25 0.27 0.02 0.02 7-Sep-95 0.25 0.25 0.2 0.05 0.05 
20-Jun-95 0.42 0.36 0.35 0.07 0.01 8-Sep-95 0.47 0.47 0.5 0.03 0.03 
5-Jul-95 1.18 1.13 1.14 0.04 0.01 Level 10 
Level3 16-Sep-95 0.25 0.25 0.22 0.03 0.03 
5-Ju1-95 0.25 0.25 0.26 0.01 0.01 Level 11 
6-Ju1-95 0.27 0.27 0.23 0.04 0.04 27-Sep-95 0.25 0.25 0.18 0.07 0.07 
17-Jul-95 1.56 1.53 !.51 0.05 0.02 
20-Jul-95 us !.53 !.55 0.02 
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Table 7.5 Variation in Slab Load Ratio (Grid 9-10, Average all Shores) 
Slab Predicted Actual Variation in Slab Predicted Actual Variation in 
Level Slab Slab Slab Level Slab Slab Slab 
Load Load Load Load Load Load 
Ratio Ratio Ratio Ratio Ratio Ratio 
Simp. FEM Simp. FEM Simp. FEM Simp. FEM 
Mezzanine Level 5 
23-Apr-95 0.25 0.25 0.23 0.02 0.02 28-Jul-95 0.25 0.25 0.19 0.06 0.06 
28-Apr-95 1.00 1.00 0.94 0.06 0.06 2-Aug-95 1.00 1.00 0.93 0.07 0.07 
9-May-95 1.00 1.05 1.01 0.01 0.04 5-Aug-95 !.24 1.25 1.23 0.01 0.02 
10-May-95 1.00 1.00 1.02 0.02 0.02 8-Aug-95 1.50 !.50 1.52 0.02 0.02 
14-May-95 1.00 1.00 0.99 0.01 0.01 9-Aug-95 1.00 1.00 1.08 0.08 0.08 
9-Jun-95 1.00 1.07 1.03 0.03 0.04 Level6 
20-Jun-95 1.20 l.l5 1.12 0.08 0.03 8-Aug-95 0.50 0.50 0.48 0.02 0.02 
Boulevard 9-Aug-95 1.00 1.00 0.92 0.08 0.08 
10-May-95 0.25 0.25 0.20 0.05 0.05 10-Aug-95 1.00 1.00 0.91 0.09 0.09 
14-May-95 1.00 1.00 0.95 0.05 0.05 16-Aug-95 1.24 l.l8 1.23 0.01 0.05 
28-May-95 L.OO 1.00 1.01 0.01 0.01 18-Aug-95 1.54 1.55 1.56 0.02 0.01 
31-May-95 1.00 0.93 1.04 0.04 0.11 23-Aug-95 !.54 1.55 1.61 0.07 0.06 
9-Jun-95 1.00 0.94 1.01 0.01 0.07 Level? 
14-Jun-95 1.00 1.00 1.02 0.02 0.02 18-Aug-95 0.46 0.45 0.44 0.02 O.Dl 
15-Jun-95 1.00 0.98 1.01 0.01 0.03 23-Aug-95 0.46 0.45 0.39 0.07 0.06 
20-Jun-95 1.20 1.23 1.29 0.09 0.06 25-Aug-95 1.00 1.00 0.95 0.05 0.05 
22-Jun-95 1.00 1.00 1.04 0.04 0.04 28-Aug-95 1.25 1.26 1.30 0.05 0.04 
30-Jun-95 1.00 1.00 1.03 0.03 0.03 29-Aug-95 l.l9 l.l9 1.25 0.06 0.06 
6-Jul-95 1.27 l.32 1.31 0.04 0.01 30-Aug-95 1.55 1.54 1.56 0.01 0.02 
Levell 2-Sep-95 l.55 1.54 1.58 0.03 0.04 
28-May-95 0.25 0.25 0.23 0.02 0.02 LevelS 
31-May-95 l.OO 1.00 0.95 0.05 0.05 29-Aug-95 0.25 0.25 0.22 0.03 0.03 
9-Jun-95 1.00 1.00 0.96 0.04 0.04 30-Aug-95 0.45 0.46 0.44 0.01 0.02 
15-Jun-95 1.00 1.10 1.07 0.07 0.03 2-Sep-95 0.44 0.46 0.42 0.02 0.04 
20-Jun-95 l.l9 l.31 1.28 0.09 0.03 4-Sep-95 l.OO 1.00 0.91 0.09 0.09 
30-Jun-95 l.OO 1.00 1.01 0.01 0.01 6-Sep-95 l.24 1.25 1.26 0.02 0.01 
5-Jul-95 1.18 1.32 1.28 0.10 0.04 7-Sep-95 1.18 1.19 1.24 0.06 0.05 
Levell 8-Sep-95 1.53 1.54 l.55 0.02 0.01 
15-Jun-95 Q.25 0.25 0.22 0.03 0.03 12-Sep-95 1.53 1.54 1.61 0.08 0.07 
22-Jun-95 l.OO 1.00 0.96 0.04 0.04 Level9 
30-Jun-95 1.00 1.00 0.96 0.04 0.04 7-Sep-95 0.25 0.25 0.23 0.02 0.02 
Level3 8-Sep-95 0.47 0.46 0.45 0.02 0.01 
17-Jul-95 1.56 !.50 1.52 0.04 0.02 12-Sep-95 0.47 0.46 0.39 0.08 0.07 
20-Jul-95 1.55 1.50 1.54 0.01 0.04 13-Sep-95 1.00 1.00 0.94 0.06 0.06 
Level4 21-Sep-95 l.62 1.62 1.64 0.02 0.02 
17-Jul-95 0.45 0.50 0.48 0.03 0.02 Level 10 
20-Jul-95 0.45 0.50 0.46 0.01 0.04 16-Sep-95 0.25 0.25 0.23 0.02 0.02 
22-Jul-95 1.00 1.00 0.95 0.05 0.05 21-Sep-95 0.38 0.38 0.35 0.03 0.03 
27-Jul-95 '1.24 1.11 1.18 0.06 0.07 25-Sep-95 1.00 1.00 0.92 0.08 0.08 
28-Jul-95 1.18 1.08 l.l7 0.01 0.09 26-Sep-95 1.25 1.26 1.23 0.02 0.03 
2-Aug-95 1.00 1.00 1.07 0.07 0.07 30-Sep-95 1.49 1.50 1.52 0.03 0.02 
Levelll 
27-Sep-95 0.25 0.25 0.26 0.01 0.01 
30-Sep-95 0.51 0.5 0.48 0.03 0.02 
4-Sep-95 1.00 1.00 0.96 0.04 0.04 
92 
Section 7 Full Scale Project Stephen L. Kajewski 
Table 7.6 indicates the maximum variation in slab load ratio between the 
actual and predicted values. 
Table 7.6 Slab Load Ratio Variation 
Location 
Centre: Grid 7 to 8 
Average: Grid 7 to 8 
Centre: Grid 9 to 10 
Average: Grid 9 to 1 0 
Maximum Variation 
between Actual and 
Predicted Slab Load Ratios 
Simplified FEM 
0.10 
0.12 
0.09 
0.10 
0.10 
0.15 
0.07 
0.11 
Tables 7.2 to 7.6 demonstrate that there is little difference in the slab load 
ratios predicted by the simplified analysis method and the finite element 
model. Table 7.6 indicates that the maximum difference in predicted values 
using either analysis method is only 0.03 or 3% of a typical slab load. Of 
special note is that the finite element model does not appear to provide any 
greater degree of accuracy when predicting the slab load ratios. 
Table 7.6 indicates that the finite element model is only slightly more 
accurate when examining the centre shore or slab value and slightly less 
accurate when predicting the average values. From this particular project, it 
is not possible to ascertain if this minor variation between the predicted 
values would become more pronounced and the finite element model 
provide greater accuracy in all circumstances. For example, the structural 
sections on the typical slabs in this project varied gradually from 160 mm 
thick slabs to 1500 x 270 mm band beams with 900 mm splays. It seems 
reasonable that the effect of more pronounced section changes may make 
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the simplified analysis method less accurate and the finite element model 
more accl..U'ate. 
The maximum variation in slab load ratios is 12% and 15% of a typical slab 
load for the simplified analysis met.1.od and finite element method 
respectively. Many of the variations in slab load ratios are less than 5% of a 
typical slab load. The magnitude of the variations indicates that both 
methods predict the slab load ratios with a reasonable degree of accuracy, 
therefore, either method could be used with confidence. The small variations 
arise from a number of possible sources including, but not necessarily 
limited to: 
a) the effects of creep and shrinkage of the slabs; 
b) the effects of creep and shrinkage of the columns; 
c) the presence of unaccounted construction loads; 
d) unaccounted losses in the stressing operation; 
e) under or over-stressing 
f) variations in the concrete density (slab dead load). 
In situations such as where the structural slab section varies significantly, it 
may be necessary to adopt a finite element method to improve the accuracy 
of the solution. In other systems such as flat slabs, flat plates, slabs with 
shallow band beams or other situations in which the slab section properties 
do not vary significantly, the simplified analysis method provides the 
simplest method for determining the load distribution that occurs when 
multi-level formworking. The extra analysis time and complexity arising 
when usi~g the finite element method appear unjustified on the basis of an 
insignificant improvement in the accuracy when predicting slab load ratios. 
Certainly if creep and shrinkage were to be analysed, the finite element 
method would be necessary. As detailed in the literature review, however, 
most researchers conclude that ignoring the effects of creep provides a 
94 
Section 7 Full Scale Project Stephen L. Kajewski 
conservative result. Creep really only needs to be considered when 
examining the long term deflections arising from the early loading of the 
slabs. 
7.5 Summary 
The results obtained from the full scale project allow the following 
conclusions to be drawn with regard to the effect of post-tensioning on 
multi-level formwork load distribution: 
a) The assumption of slab lift, leading to a corresponding reduction 
in shore loads is valid. The proportion of the slab lifted from the 
shores is directly related to the portion of the slab load balanced 
by the stressing. That is, if full dead load is balanced, the shores 
supporting the slab are completely unloaded of that slab self-
weight. If only 25% of the load is balanced, such as at the stage of 
initial stress, 25% of the slab self-weight will be carried by the 
slab. The balance of the slab self-weight (75%) remains in the 
supporting shores. 
b) The shores produce a non-uniform load due to the effects of 
infinite column stiffness, slab edge fixity (or continuity) and 
changes in slab section profiles. 
c) The process of load distribution that occurs in a post-tensioned 
structure prior to stressing is similar to the load distribution for a 
conventionally reinforced structure. That is, the loads due to the 
pouring of a new slab are distributed downwards through the 
interconnected slabs in direct proportion to their relative stiffness. 
As shores are removed, the loads are distributed upwards through 
the interconnected slabs in direct proportion to their relative 
stiffness. The effect of stressing is to cause an unloading of the 
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shores and a redistribution of the loads among the slabs. This 
redistribution is also in direct proportion to the slabs relative 
stiffuess, with the exception of the slab being stressed, which 
supports only that portion of the load balanced. 
d) Both the proposed simplified analysis method and the finite 
element model can be used to predict the slab load ratios. 
e) Both analysis methods provide approximately the same degree of 
accuracy when analysing flat slabs, flat plates and slabs with 
minimal changes in the section properties. The finite element 
method provides greater accuracy when the slab sections change 
significantly. 
f) The simplified analysis method is recommended for use when 
analysing flat plate, flat slabs and slabs with minimal changes in 
the section properties, due to its ease of use. 
7.5.1 Issues to be Investigated in the Parametric Study 
Considering the results of the pilot project and full scale project, it is evident 
that a number of factors directly related to the post-tensioning operation 
could have an effect on multi-level formwork load distribution. The factors 
(investigated in the proceeding section) that could influence the multi-level 
formwork load distribution are: 
a) the timing of the stress application; 
b) the magnitude of the stress (load balanced); 
c) stressing losses; 
' d) the number of shoring levels; 
e) the shoring procedure (undisturbed, reshored, backpropped); 
f) the tendon profile and order of tendon stressing. 
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8. PARAMETRIC STUDY 
8.0 General 
The results of the pilot and full scale projects confirm the validity of both 
the simplified analysis method and the finite element model. While 
confirming the primary assumption of slab lift due to post-tensioning 
resulting in an unloading of the supporting shores, the results from the pilot 
and full scale projects are, however, limited. There are a number of 
parameters associated with post-tensioning and the particular shoring 
procedure adopted that affect the actual load distribution, namely: 
a) timing ofthe stress application; 
b) magnitude ofthe stress (load balanced); 
c) stressing losses; 
d) number of shoring levels; 
e) shoring procedure (undisturbed, reshored, backpropped); 
f) tendon profile and order of tendon stressing. 
The simplified analysis method (Section 4) and the finite element model 
(Section 6) are used to examine the effect that these parameters have on 
multi-level formwork load distribution. This section presents the results of 
this parametric study. 
8.1 Parametric Study Analysis Models 
\ 
The simplified analysis method and the finite element model are used in the 
parametric study. Within the finite element model, the construction stage 
and material models as detailed in Section 6 are used. 
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The shoring method, number of shored and reshored levels, concrete pour 
cycle· times~ and stripping cycle times adopted for the parametric study do 
not necessarily conform to the requirements as prescribed by the relevant 
standards, building regulations and codes of practice. The shoring 
procedures assumed in the analyses are for comparison purposes only. 
The slabs are assumed to be flat plates with the concrete material properties 
indicated in figure 8.1. The slabs are also assumed to have an aspect ratio of 
1.0 and are free from the effects of any edge fixity. Infinite stiffness is 
assumed for the concrete columns and as detailed in Section 6, are modelled 
as pin supports rather than structural members with finite properties. The 
shores are modelled as pin-ended truss members with zero tensile capacity 
and infinite axial compressive stiffness. The foundations are also assumed to 
be of infinite stiffness. 
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Maximum slab load ratios are commonly compared when examining the 
effects of various parameters on multi-level forrnwork load distribution. 
This comparison does not make allowance for the age of the slab at loading. 
Under certain circumstances, a more lightly loaded younger slab may have a 
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lower factor of safety against damage or failure than the slab subjected to 
the maximum slab load ratio at its particular age. A factor of safety will also 
be used in this section to allow comparisons to be drawn. The procedure 
used to calculate the factor of safety is described in appendix K. 
8.2 Effect on Load Distribution due to the Timing of the Stress 
Application 
The pouring of a new slab or stripping of an existing slab results in a 
redistribution of loads. The magnitude of loads to be redistributed is 
dependent on whether the slabs have been, or are yet to be, post-tensioned. 
For example, if slabs are yet to be post-tensioned, there is a greater load in 
the supporting shores to be redistributed when stripped. 
The effect that the timing of the post-tensioning has on the load distribution 
is examined by considering the following scenarios: 
a) slabs post-tensioned before the lowest level of shores are stripped; 
b) slabs post-tensioned after the lowest level of shores are stripped; 
c) slabs post-tensioned before the next slab is poured; 
d) slabs post-tensioned after the next slab is poured. 
These particular scenarios assume an undisturbed shoring procedure with 3 
levels of undisturbed shores and a 7 day slab pour cycle. It is assumed that 
the full slab self-weight is balanced by the post-tensioning and that no initial 
stressing is performed. 
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8.2.1 Slabs Post-Tensioned Before the Lowest Level of Shores are 
Stripped 
The scenario presented in figure 8.2 indicates the load distribution occurring 
when all slabs have been post-tensioned prior to the lowest level of shores 
being stripped. It is assumed that the slabs are stressed at an age of 5 days 
and are stripped at an age of20 days. 
As indicated in figure 8.2, for the construction stages prior to the removal of 
the foundation level shores (day 26), all slabs are initially subjected to a slab 
load ratio of 0.0 before they are post-tensioned. After post-tensioning, the 
slab load ratio increases to 1.0. The addition of new slabs while the shores 
remain in contact with the foundation results in the new slab load being 
transferred directly to the foundation. The slab load ratio of 1.0 in the 
supporting slabs remains unchanged. 
The post-tensioning of the level 3 slab at day 26 completely unloads the 
shores. Thus, when the lowest level of shores is removed at day 27, there is 
no load to be redistributed among the interconnected slabs; the slab load 
ratio in each slab remains unchanged at 1.0. 
When the level 4 slab is poured at day 28, its self-weight is distributed 
between the supporting slabs in direct proportion to their relative stiffness. 
As with the stressing of the level 3 slab at day 26, the stressing of the level 4 
slab at day 33 completely unloads the shores and as such, there is no load to 
be redistributed at day 34 when the level 2 slab is stripped. 
The slab load ratios for days 28 to 34 repeat up the structure as construction 
progresses. Each slab experiences the maximum slab load ratio of 1.35. This 
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is unlike a conventionally reinforced system in which the maximum slab 
load ratio occurs in the last slab poured prior to the removal of the 
foundation level shores (refer appendix A). 
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8.2.2 Slabs Post-Tensioned After the Lowest Level of Shores are 
Stripped 
The scenario presented in figure 8.3 indicates the load distribution occurring 
when the lowest level of shoring is stripped before the uppermost slab has 
been post-tensioned but before the next slab has been poured. It is assumed 
that the slabs are stressed at an age of 6 days and are stripped at an age of 19 
days. 
As indicated in figure 8.3, the load distribution for the construction stages 
prior to the removal of the foundation level shores is the same as the 
previous scenario in which the slabs are stressed prior to stripping of the 
lowest level of shores. 
As the level 3 slab has not been stressed prior to the stripping of the 
founding level shores, the load in these shores is redistributed upwards to 
the slabs in direct proportion to their relative stiffness as a new equilibrium 
is reached. YVhen the level 3 slab is post-tensioned at day 27, the shores are 
unloaded and the supporting slabs are relieved of the level 3 slab load. 
YVhen the level 4 slab is poured at day 28, its self-weight is distributed 
between the supporting slabs in direct proportion to their relative stiffness. 
As the level2 shores are loaded before they are stripped at day 33, their load 
is redistributed upwards when they are stripped producing a maximum slab 
load ratio of 1.47. The slab load ratios redistribute to 1.0 when the level 4 
slab is stressed at day 34. 
The slab load ratios for days 28 to 34 repeat up the structure as construction 
progresses. Except for the level 1 slab, each slab experiences the maximum 
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slab load ratio of 1.47. The maximum slab load ratio for the level 1 slab is 
1.37 occurring at day 26. 
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8.2.3 Slabs Post-Tensioned before the Next Slab is Poured 
The scenario presented in figure 8.4 indicates the load distribution occurring 
when the slabs are post-tensioned before the next slab is poured and before 
the lowest level of shoring is stripped. It is assumed that the slabs are 
stressed at an age of 5 days and are stripped at an age of 20 days. This 
scenario results in the same load distribution as that indicated in figure 8.2. 
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8.2.4 Slabs Post-Tensioned after the Next Slab is Poured 
The scenario presented in figure 8.5 indicates the load distribution occurring 
when a new slab is poured prior to post-tensioning the slab immediately 
below. All other slabs are assumed to have been stressed. It is assumed that 
the slabs are stressed at an age of 8 days and are stripped at an age of 20 
days. 
1x1x1~:~g 
Day? 
Pour Level1 
•
0.00 
1.00 
1.00 
1.00 
1.00 
1.00 
Day 22 
Stress Level 2 
~~_,0.06 
0.94 
*-"""~1.68 
0.26 
........... 1.26 
Day 34 
Strip Level2 
.00 
.00 
.00 _m .oo 
Day 14 
Pour Level2 
Day 27 
Strip Level1 
0.30 
.70 
.34 
.36 
.36 
~~..,0.00 
1.00 
*-"""~0.37 
1.63 
...... ~2.02 
0.61 
............ 1.61 
Day 35 
Pour LevelS 
1.00 
1.00 
1.00 _m
o.oo 
Day 15 
Stress Level 1 
~~_,o.oo 
1.00 
...... ~0.61 
1.39 
*-• ..,.1.68 
0.71 
............ 1.71 
Day 28 
Pour Level4 
'Ill"""~..,. 0.00 
1.00 
p·~ 1.37 
1.63 
..... ~ 1.53 
0.10 
............ 1.10 
Day 36 
Stress Level 4 
Figure 8.5 Slab Load Ratios 
_1 .00 .00 0.00 2.00 .00 
.00 
Day 21 
PourLevel3 
~~.., 0.00 
1.00 
....... ~ 1.61 
0.39 
*-*-* 1.19 
0.20 
............. 1.20 
Day 29 
Stress Level 3 
'lll"""~..,.0.03 
0.97 
p • ..,.1.40 
0.57 
............ 1.57 
Day41 
Strip Level3 
(Slabs Post-Tensioned after the Next Slab is Poured) 
105 
Section 8 Parametric Study Stephen L. Kajewski 
As the level 1 slab has not been post-tensioned before the level 2 slab is 
poured (day 14 figure 8.5), all slab loads are transferred directly via the 
shores to the foundation. The loads are cumulative at the base resulting in a 
slab load ratio of 2.0 in the founding level shores. This is similar to the load 
distribution that occurs with conventionally reinforced slabs prior to the 
removal of the foundation level shores (refer appendix A). 
When the level 1 slab is post-tensioned at day 15, it lifts to carry the 
equivalent of its own self-weight (slab load ratio = 1.0); the level 2 slab load 
is still transferred directly to the foundations. The pouring of the level 3 slab 
at day 21 and the stressing of the level 2 slab at day 22 produce similar slab 
load ratios. 
As load remains in the foundation level shores before they are stripped, the 
load is redistributed upwards on their removal to the slabs in direct 
proportion to their relative stiffness as a new equilibrium is reached. When 
the level 4 slab is poured at day 28, its self-weight is distributed downwards 
between the supporting slabs in direct proportion to their relative stiffness. 
The stressing of the level 3 slab at day 29 results in the equivalent of a 
typical slab load being removed from the level 1 and 2 slabs as a new 
equilibrium is reached. A maximum slab load ratio of 2.02 occurs in the 
level 3 slab at day 3 5. This slab is the last slab poured prior to the removal 
of the foundation level shores which is similar to the conventionally 
reinforced situation (refer appendix A). Unlike the conventionally reinforced 
scenario, ,however, this maximum does not occur when this slab is the 
lowest slab in the interconnected set, but 7 days earlier. 
106 
Section 8 Parametric Study Stephen L. Kajewski 
8.2.5 Comparison of Scenarios 
It is evident that the maximum slab load ratio is at its lowest value when the 
uppermost slab has been post-tensioned before the lowest level of shoring is 
removed and before the next slab is poured. This effectively reduces the 
maximum slab load ratio of2.35 (conventionally reinforced, appendix A) to 
1.35 (post-tensioned). Regardless of the stage of stressing, however, post-
tensioning reduces the maximum slab load ratio over that for a 
conventionally reinforced system as indicated in table 8.1. Also indicated in 
table 8.1 are the respective factors of safety. These factors of safety for each 
scenario have been derived in accordance with the calculations detailed in 
appendix K and have been based on assumed design loads of 4.0 kPa dead 
load and 3.0 kPa live load. As detailed in appendix K, the construction live 
loads assumed are 1.0 kPa for the uppermost slab and 0.25 kPa for all other 
slabs. It should be noted that the location and construction step of the 
maximum slab load ratio is not necessarily the location and construction 
step that produces the worst (lowest) factor of safety. Table 8.1 
demonstrates that the factor of safety improves with the post-tensioning. 
Table 8.1 Comparison of Scenarios 
Scenario Maximum Factor of 
Slab Load Ratio Safety 
Conventionally reinforced 2.35 0.85 
Slabs post-tensioned: 
a) before the lowest level of shores are stripped 1.35 1.31 
b) after the lowest level of shores are stripped 1.47 1.32 
c) before the next slab is poured 1.35 1.31 
d) after the next slab is poured 2.02 0.87 
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8.3 Effect on Load Distribution due to the Magnitude of the 
Stress (Load Balanced) 
The post-tensioning, through a process of load balancing, unloads the 
supporting shores and slabs by an amount equivalent to the proportion of the 
slab self-weight balanced. That is, if 100% of the slab self-weight is 
balanced by the post-tensioning, the supporting system is unloaded by an 
amount equivalent to the full slab self-weight. If only 50% is balanced, a 
load equivalent to 50% of the slab self-weight is lifted from the supporting 
structure. The proportion of load balanced will obviously, therefore, affect 
the multi-level formwork load distribution. 
These particular scenarios are based on an undisturbed shoring procedure 
with 3 levels of undisturbed shores and a 7 day slab pour cycle. It is 
assumed that the slabs are stressed at an age of 5 days and are stripped at 
and age of 20 days. That is, the slab is stressed before the lowest level of 
shoring is removed and before the next slab has been poured. 
Figures 8.6 to 8.9 indicate the load distributions occurring in the multi-level 
system assuming 100%, 75%, 50% and 25% of self-weight balanced 
respectively. A situation in which 0% dead load balanced produces a load 
distribution the same as a conventionally reinforced system (refer appendix 
A). 
108 
Section 8 Parametric Study 
IX!Xt~:~~ 
Day 7 
Pour Level1 
_1.00 .00 .00 .00 .00 
.00 
Day 21 
Pour Level3 
..... """"...,. 1.00 
0.00 
~·...,. 1.00 
0.00 
~·...,. 1.00 
0.00 
............ 1.00 
Day 33 
Stress Level 4 
~~..,1.00 
0.00 
~ • ...,.1.00 
0.00 
........... 1.00 
Day 41 
Strip Level3 
lxlxl ~:~~ 
Day 12 
Stress Level 1 
_1_1.00 0.00 1.00 0.00 1.00 0.00 
Day 26 
Stress Level 3 
~~_,1.00 
0.00 
~·--*1.00 
0.00 
............ 1.00 
Day 34 
Strip Level2 
_m.oo .00 .00 
.00 
Day 14 
PourLevel2 
Day 27 
Strip Level1 
1.00 
.00 
.00 
.00 
.00 
~~_,o.oo 
1.00 
*-*-*1.31 
0.69 
~·~1.34 
0.35 
............ 1.35 
Day 35 
PourLevel5 
Stephen L. Kajewski 
Day 19 
Stress Level 2 
~~_,o.oo 
1.00 
~·~1.31 
0.69 
~·~1.34 
0.35 
......... 1.35 
Day 28 
PourLevel4 
.... """"...,. 1.00 
0.00 
~·...,. 1.00 
0.00 
~·...,. 1.00 
Day40 
Stress Level 5 
0.00 
1.00 
Figure 8.6 Slab Load Ratios (100% Dead Load Balance) 
109 
Section 8 Parametric Study 
txlxf~:~g 
Day7 
Pour Level1 
.00 
.75 
.25 
.75 
.50 _1
.00 
Day 21 
Pour Level3 
0.75 
0.25 
1.05 
0.20 
1.09 
0.11 
............. 1.11 
Day 33 
Stress Level 4 
I><lxr ~:~~ 
Day 12 
Stress Level 1 
•
0.75 
0.25 
0.75 
0.50 
0.75 
0.75 
Day 26 
Stress Level 3 
~~_,0.78 
0.22 
~ • ...,.1.09 
0.13 
........... 1.13 
Day34 
Strip Level 2 
~~_,o.oo 
1.00 
p..,..~,.0.82 1.13 
0.18 0.87 
*""~~9t0.93 1.27 
0.25 0.60 
f'-IOiiill ...... 1.25 1.60 
Day 41 Day 42 
Strip Level 3 Pour Level 6 
_m.oo .00 .75 
.25 
Day 14 
Pour Level2 
Day 27 
Strip Level1 
0.98 
.02 
.00 
.02 
.02 
~~..,o.oo 
1.00 
~·~1.09 
0.91 
...... ~1.43 
0.48 
.......... 1.48 
Day 35 
Pour Level 5 
Stephen L. Kajewski 
•
0.75 
0.25 
0.75 
0.25 
Day 19 
Stress Level 2 
~~_,o.oo 
1.00 
~ • ...,.1.29 
0.71 
~ • ...,.1.34 
0.37 
........... 1.37 
Day 28 
Pour Level4 
0.75 
0.25 
0.85 
0.40 
*-*-* 1.18 
0.22 
.......... 1.22 
Day40 
Stress Level 5 
Figure 8.7 Slab Load Ratios (75% Dead Load Balance) 
110 
Section 8 Parametric Study 
lxlxl~:~~ 
Day 7 
Pour Level1 
_1 .00 .00 .50 .50 .so 
.00 
Day 21 
Pour Level3 
~"""..., 0.50 
0.50 
*-•~ 1.10 
0.40 
*-•~ 1.18 
0.22 
............ 1.22 
Day 33 
Stress Level 4 
t><lxl g:~g 
Day 12 
Stress Level 1 
0.50 
0.50 
1.00 
0.50 
1.50 _1
0.50 
Day 26 
Stress Level 3 
~~_,0.57 
0.43 
*-"*_,.1.18 
0.25 
............ 1.25 
Day 34 
Strip Level2 
Day 41 Day 42 
Strip Level 3 Pour Level 6 
Day 14 
PourLevel2 
Day 27 
Strip Level1 
~~..,o.oo 
1.00 
~ • ..,.0.88 
1.12 
~ • ..,.1.52 
0.60 
4'-........ 1.60 
Day 35 
Pour LevelS 
Stephen L. Kajewski 
_mo.so 0.50 0.50 1.00 
Day 19 
Stress Level 2 
~~_,o.oo 
1.00 
*-*-*1.26 
0.74 
~ • ..,.1.35 
0.39 
........... 1.39 
Day 28 
Pour Level4 
0.50 
0.50 
0.72 
0.78 
*-"*..,. 1.35 
0.43 
............ 1.43 
Day 40 
Stress Level 5 
Figure 8.8 Slab Load Ratios (50% Dead Load Balance) 
,, 
111 
Section 8 Parametric Study 
lxlxt~:~g 
Day 7 
Pour Level1 
.00 
.25 
.75 
.25 
.50 _1
.00 
Day 21 
Pour Level3 
~"""'.., 0.25 
0.75 
*"""·""'* 1.16 0.59 
*'-"""~ 1.28 
0.31 
.... .-w;. .... 1.31 
Day 33 
Stress Level 4 
Day 12 
Stress Level 1 
_1_0.25 0.75 0.25 1.50 0.25 2.25 
Day 26 
Stress Level 3 
~"""'_,o.34 
0.66 
*-"""~1.27 
0.39 
.... .-wl .... 1.39 
Day 34 
Strip Level2 
~"""'.., 0.00 
1.00 
.. '"""' ... " 0.45 0.76 
0.55 1.24 
*-~!-i~ 0.79 1.13 
0.76 1.11 
.-~-~1.76 2.11 
Day 41 Day 42 
Strip Level 3 Pour Level 6 
Day 14 
PourLevel2 
Day 27 
Strip Level1 
~"""'_,o.oo 
1.00 
~~~0.65 
1.35 
~"""'""'* 1.61 0.74 
.-.-w~-.1.74 
Day 35 
Pour LevelS 
Stephen L. Kajewski 
Day 19 
Stress Level 2 
~-,......,.o.oo 
1.00 
*-*~1.24 
0.76 
*-*~1.36 
0.40 
..... .-w~-.1.40 
Day 28 
PourLevel4 
Day40 
Stress Level 5 
Figure 8.9 Slab Load Ratios (25% Dead Load Balance) 
As indicated in figures 8.6 to 8.9, balancing less that the full slab self-weight 
results in a residual load being left in the supporting shores. Day 12 of 
Figure 8.9, for example, indicates that if only 25% of the slab self-weight is 
balanced, the remaining unbalanced portion of the slab self-weight (75%) is 
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left in the shores. Prior to the removal of the foundation level shores, the 
addition of a new slab produces the situation where the new slab load and 
the residual loads remaining in the shores are cumulative at each level. As 
indicated in figure 8.9 for example, the foundation level shores experience a 
slab load ratio of 1.25 at day 14. This consists of the new slab load (SLR = 
1.0) and the residual level 1 slab load (SLR = 0.25) not balanced by the 
post-tensioning ofthe level1 slab. As the level2 slab is stressed, 25% of the 
level 2 slab load is balanced, leaving a slab load ratio in the foundation level 
shores of 1.5. This is similar for all scenarios in which less than full slab 
self-weight is balanced. 
In situations where less than full slab self-weight is balanced, the maximum 
slab load ratio always occurs in the slab that was poured immediately prior 
to the removal of the foundation level shores. In the scenarios presented, this 
is the level 3 slab, poured at day 21 before the foundation level shores were 
removed at day 27. This maximum slab load ratio occurs when this slab 
becomes the lowest supporting slab in an interconnected set (day 42, pour 
level 6). As previously demonstrated, however, the stage at which the slabs 
are post-tensioned can affect the location and magnitude of this maximum 
slab load ratio. 
As indicated in figure 8.1 0, a linear relation exists between the maximum 
slab load ratio and the portion of the slab self-weight balanced by the post-
tensioning. As the portion of the slab self-weight balanced is reduced 
towards 0%, the maximum slab load ratio experienced by a slab linearly 
approach~s the maximum slab load ratio experienced by a conventionally 
reinforced slab. Figure 8.10 also indicates that the factor of safety increases 
as the proportion of slab self-weight balanced is increased; although not 
linearly. 
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Figure 8.10 Maximum Slab Load Ratios 
8.3.1 Load Distribution when Balancing Greater than Full Slab 
Self-Weight 
It is common when designing post-tensioned slabs to balance greater than 
full slab self-weight; for example, 100% slab self-weight plus 25% live load. 
This is often performed to improve the short and long-term serviceability 
behaviour of a slab under the action of the applied dead and live loads. 
Following the logic of the linear relationship indicated in figure 8.1 0, it 
would initially appear that by balancing greater than full slab self-weight, 
the ma-ximum slab load ratio could be further reduced. This would certainly 
be beneficial during construction as it would improve safety and possibly 
allow for< faster formwork cycling. An examination of the load distribution 
that occurs when balancing greater than full slab self-weight, however, 
indicates that there is no further reduction in the maximum slab load ratio. 
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Prior to the removal of the foundation level shores, if greater than full slab 
self-weight is balanced by the post-tensioning, the slab will hog and lift 
completely from the foundation level shores, as indicated in figure 8.11 (a). 
When the level 2 slab is poured, the level 1 slab is required to support a 
portion of the new load as it deflects to meet the foundation level shores. 
Once the level 1 slab is again in contact with the foundation level shores, the 
remaining portion of the level 2 slab self-weight is transferred to the 
foundations via the foundation level shores. For example, if the post-
tensioning in the level 1 slab has been designed to balance the equivalent of 
125% of the slab self-weight, the level 1 slab has an "excess load carrying 
capacity" of 25%. When the level 2 slab is poured, 25% of its self-weight is 
required to cause the level 1 slab to again make contact with the foundation 
level shores. The remaining 75% of the level 2 slab self-weight is 
transferred via the foundation level shores to the foundation. 
This phenomenon only occurs while the foundation level shores remain 
undisturbed. Beyond this construction stage, ignoring time dependent effects 
and variations in concrete properties with age, all slabs would hog the same 
amount. The slabs remain in contact with their supporting shores as 
indicated in figure 8.11 (b). Any new slab loads applied are, therefore, able 
to be immediately transferred; the supporting slabs do not attract load as 
they are not required to deflect to make contact with their supporting shores. 
When the foundation level shores have been removed, the loads are 
distributed in proportion to the relative slab stiffness. 
' -
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Figure 8.11 Slab-Shore Interaction 
(Balancing Greater than 100% Slab Self-Weight) 
Figure 8.12 indicates the load distribution that occurs when greater than full 
slab self-weight is balanced by the post-tensioning. In this scenario, it is 
assumed that the equivalent of 125% slab self-weight is balanced. 
As indicated in figure 8.12 at day 14, as the level2 slab is added, the level1 
slab attracts 25% of the level 2 slab self-weight as it deflects to again make 
contact with the foundation level shores. The foundation level shores are 
only subjected to 75% of the level 2 slab self-weight. When the level 3 slab 
is poured at day 21, both the level 2 and level 1 slabs must deflect until the 
level 1 slab is again in contact with the foundation level shores. Both the 
level 2 and level 1 slabs, therefore, attract 25% of the level 3 slab self-
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weight with the remammg 50% of the level 3 slab self-weight being 
transferred to the foundations. Once the foundation level shores have been 
removed, the load distribution for all construction stages past this stage is 
the same as for the scenario in which 100% of the slab self-weight was 
balanced (figure 8.6). Figure 8.13 summarises the maximum slab load ratio 
and corresponding factor of safety for the varying levels of post-tensioning. 
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Figure 8.12 Slab Load Ratios (125% Dead Load Balance) 
Even though the maximum slab load ratio is not reduced by balancing 
greater than full slab self-weight, there are still benefits to be obtained. 
There may be some need to reduce the foundation level shore load in certain 
circumsta,nces; for example if there is a poor quality foundation from which 
to support ·the formwork structure. The most significant benefit however is 
derived from the action of the slab when it is over-stressed. As the 
uppermost slab hogs and lifts completely from the shores when it is over-
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stressed, the shores and forrnwork are able to be removed and the slab 
reshored. This allows for greater recycling of the formwork sets. 
Theoretically, thestructure a.S indicated in figure 8.12, could be constructed 
with 1 set of undisturbed shoring and 2 sets of reshoring, without altering 
the load distribution or factors of safety. This could also be achieved by 
balancing 100% of the slab load, therefore, one might question the 
usefulness of over-stressing the slab for this reason alone. 
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Figure 8.13 Maximum Slab Load Ratios 
8.4 Effect on Load Distribution due to Stressing Losses 
There are a number of immediate and time dependent losses that reduce the 
overall stFess applied to a slab by the post-tensioning. In effect, these losses 
result in a reduction of the effective load balanced by the post-tensioning. 
This reduction in the load balanced puts slab load back into the multi-level 
shoring system resulting in a redistribution of the shoring loads. 
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A post-tensioned concrete slab is subject to immediate stress losses from: 
a) Elastic shortening of the slab: an immediate elastic loss 1s 
experienced due to the concrete slab shortening under the effects 
of the axial compressive load applied by the post-tensioning. 
b) Duct friction: the friction between the tendon and the duct as the 
tendon is stressed also results in an immediate loss in the effective 
stress. This loss increases in magnitude with distance from the 
stressing point. 
c) Anchorage draw-in: anchorage draw-in or slip loss occurs as the 
anchorage wedges are pulled, by the force in the tendon, into the 
anchorage barrel or block. This loss is at a maximum nearest the 
stressing point and reduces with distance from the stressing point. 
These three immediate stressing losses are usually accounted for at the time 
of stressing by applying a small over-stress to the tendons. For example, if 
the anchorage wedges are known to draw-in 6 mm, the tendon will be over-
extended by 6 mm when it is stressed such that the net effect is zero loss. As 
these losses are immediate, and are accounted for during stressing, they do 
not result in a reduction in the proportion of the load balanced. As such, 
there is no redistribution of loads during the multi-level form work process. 
In addition to the immediate losses, there are a number of time dependent 
losses that arise during the life of the structure from: 
a) Concrete shrinkage: concrete will shrink throughout its life as it 
• cures, reducing the overall length of the slab. A reduction in the 
length of the slab results in a corresponding reduction in the 
length of the stressing tendons, thereby, reducing the effective 
stress applied by the tendons. 
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b) Concrete creep: under the effects of sustained axial load, the 
concrete will creep also resulting in a shortening of the overall 
slab length and, will therefore also reduce the effective stress 
applied by the tendons. 
c) Tendon relaxation: tendons have a tendency to relax under a 
sustained load. This tendon relaxation results in a reduction in the 
effective stress. 
Although these time dependent losses are also allowed for in the design of 
the post-tensioning, they still occur during the life of the structure. As a 
result, they give rise to a redistribution of loads during the shoring 
operation. 
Figure 8.14 indicates the load distribution resulting when the time 
dependent stressing losses indicated in table 8.2 are allowed for in the 
analysis. The shoring procedure indicated in figure 8.14 assumes that 100% 
of the slab self-weight is balanced by the post-tensioning and that the 
stressing is carried out before the next slab is poured and before the lowest 
level of shoring has been removed (similar to figures 8.2 and 8.6). Although 
the time dependent losses occur continuously throughout the life of the slab, 
the cumulative effect of these losses over a 7 day period has been applied to 
the slabs in figure 8.14 (i.e. cumulative losses applied at each pour date 
rather than daily). 
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Table 8.2 Typical Time Development Stressing Losses 
Time Dependent Losses 
Time Since Individual Loss Total 
Stressing Loss 
Shrinkage Creep Relaxation 
(days) (%) (%) (%) (%) 
7 0.96 0.98 1.96 3.90 
14 1.48 1.25 1.95 4.68 
21 2.18 1.53 1.93 5.64 
28 2.62 1.78 1.91 6.31 
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Figure 8.14 Slab Load Ratios (Allowing for Stressing Losses) 
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As indicated in figure 8.14, time dependent stressing losses marginally 
increase the maximum slab load ratio; in this example from 1.35 (figure 8.2) 
to 1.3779; an increase equivalent to 2.79% of a typical slab load. This 
insignificant increase in the maximum slab load ratio becomes even less 
significant for the majority of situations where the time dependent losses are 
accounted for by slightly over-stressing the tendons. 
8.5 Effect on Load Distribution due to the Number of Shoring 
Levels 
When considering conventionally reinforced slabs, the maximum slab load 
arising during a multi-level formwork procedure occurs in the last slab 
poured prior to the removal of the founding level shores. This is regardless 
of the number of shored levels in the interconnected system (appendix A). 
Increasing the number of shoring levels increases the maximum slab load, 
rather than reducing it as one might first believe. This section considers the 
effect of increasing (or decreasing) the number of shored levels. 
Figures 8.15 to 8.18 indicate the load distribution arising with increasing the 
number of undisturbed shoring levels. Figures 8.16 to 8.18 only indicate the 
construction stage at which the maximum slab load ratio occurs. 
Unlike conventionally reinforced slabs that suffer an increase in the 
maxim~ slab load ratio, post-tensioned slabs experience a reduction in the 
maximum slab load ratio with an increase in the number of shored levels. 
This occurs as the post-tensioning unloads each slab before the next pour 
cycle such that the slab is only required to support its own self-weight. The 
slab load ratio returns to a value of 1.0 before each new slab is added. This 
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does not occur with conventionally reinforced slabs where loads accumulate 
at each slab with each new slab poured. 
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Figure 8.16 Slab Load Ratios (4 Levels Undisturbed Shoring) 
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Figure 8.18 Slab Load Ratios (6 Levels Undisturbed Shoring) 
Figure 8.19 indicates the maximum slab ioad ratio and corresponding factor 
of safety arising with an increase in the number of undisturbed shoring 
levels. The maximum slab load ratio and factor of safety are asymptotic 
,, 
towards values of 1.0 and 2.14 respectively, as the number of undisturbed 
shoring levels increases. 
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Figure 8.19 Maximum Slab Load Ratios 
(Varying Number of Shoring Levels) 
8.6 Effect on Load Distribution due to the Shoring Procedure 
All of the parameters examined so far have been based on undisturbed 
supports. Often, however, alternate multi-level formwork shoring 
procedures are adopted; backpropping and reshoring are common in the 
construction industry. 
As detailed in Section 3, backpropping involves the stripping of small areas 
of slab soffit and replacing the shores as the stripping progresses. As only a 
small area of slab soffit is exposed before replacing the shores, the load 
redistribution arising is insignificant. The load distribution resulting from a 
~ 
backpropping procedure is similar to that arising with undisturbed supports. 
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Reshoring, as detailed in Section 3, involves the stripping of larger areas of 
slab soffit before the shores are replaced. There is, therefore, a significant 
load redistribution when reshoring is undertaken, producing slab load ratios 
quite different from undisturbed shoring or backpropping. 
8.6.1 Effect of the Number of Reshoring Levels 
Figure 8.20 indicates the load distribution ansmg when 2 levels of 
undisturbed shores and 1 level of reshores are used. To allow comparison 
with the previous scenarios, a 7 day pour cycle has been adopted; the slabs 
are stressed at an age of 5 days; the undisturbed shores stripped and the slab 
reshored at an age of 13 days; and the reshoring is removed at a slab age of 
20 days. 
The load distributions occurring on days 28 to 34 in figure 8.20 repeat up 
the structure as construction progresses. 
A conventionally reinforced structure, using reshores, results in a reduction 
in the maximum slab load ratio over that for undisturbed supports (appendix 
A). As indicated in figure 8.20, the load distribution resulting from the use 
of 2 levels· of undisturbed shores and 1 level of reshoring is identical to the 
scenario using 3 levels ofundisturbed shores (figure 8.2). There is no further 
reduction in the maximum slab load ratio. The removal of the undisturbed 
shores and placement of the reshores does not cause any redistribution of 
loads as the post-tensioning has completely unloaded the shores before these 
,, 
construction activities occur. 
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Figure 8.20 Slab Load Ratios 
(2 Levels Undisturbed Shores, 1 Level Reshoring) 
Figure 8.21 indicates the load distribution arising when 1 level of 
undisturbed shores and 2 levels of reshores are adopted. For this scenario, 
the slabs are assumed to be stripped and reshored at an age of 6 days. The 
load distributions occurring on days 28 to 34 in figure 8.20 repeat up the 
structure as construction progresses. 
Figure 8.21 indicates that the load distribution remains unaltered when the 
number of reshored levels is increased, but the overall number of supporting 
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levels remains the same. This is because the post-tensioning has completely 
unloaded the shores and reshores prior to the stripping and reshoring 
operations. There is no load, therefore, to be redistribution during the 
stripping or reshoring operation. 
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Figure 8.21 Slab Load Ratios 
(1 Level Undisturbed Shores, 2 Levels Reshoring) 
Post-tensioned slabs, therefore, are more ideally suited to a reshoring 
procedure because there is no redistribution of loads during the stripping or 
reshoring operations. This only holds true, however, if the slab loads are 
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fully balanced by the post-tensioning before the lower slabs are stripped and 
reshored. 
8.6.2 Effect of Timing when Reshoring 
Figure 8.22 indicates a situation in which the stripping of the undisturbed 
shores and. placement of the reshores occurs at the lowest supporting level 
before the uppermost slab has been post-tensioned. For this scenario, 2 
levels of undisturbed shores and 1 level of reshoring is used. The slabs are 
stripped and reshored at an age of 11 days. 
The load distributions occurring on days 28 to 34 in figure 8.22 repeat up 
the structure as construction progresses. 
As indicated in figure 8.22, the load distribution occurring at each pour date 
is the same as that arising when the uppermost slab is stressed before the 
stripping and reshoring operation (figure 8.20) and for the undisturbed shore 
scenario (figure 8.2). Stripping and reshoring before the new slab has been 
stressed does, however, result in an increase in the slab load ratios between 
the pour dates. For example, an increase from 1.0 (day 34, figure 8.20) to 
1.69 (day 34, figure 8.22). The value of 1.69 is also the maximum slab load 
ratio in this scenario. This has increased from a value of 1.35 for 
undisturbed shores and reshoring procedures in which the slabs are stressed 
before stripping and reshoring occurs. 
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Figure 8.22 Slab Load Ratios 
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8.7 Effect on Load Distribution due to the Tendon Profile and the 
Order of Tendon Stressing 
The profile to which a post-tensioning tendon is laid, and the order in which 
tendons are stressed, can have an effect on the load distribution during the 
stressing operation. Beresford (1987:5), for example, states that 'the 
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profiling of tendons may, on stressing, cause a redistribution of the loads on 
the formwork due to the cambering of the member. With slabs stressed in 
two directions, stressing in one direction only may lift the slab from the 
formwork, and thereby leave it unsupported in the other, lightly reinforced 
direction'. 
The effect of the tendon profile and order of stressing is examined in this 
section for one-way slabs and two-way flat plates. 
8.7.1 One-Way Slabs 
The basic principle of load balancing for an internal one-way slab span is 
indicated in figure 8.23. As the slab tendons are stressed, the load balanced 
by the post-tensioning is reacted at the beams. If the slab is stressed before 
the beams, this load must be reacted by the shores supporting the beams, as 
the beams are unable to carry any of the load themselves until stressed. 
Depending on the shore design, this increase in the shore load may or may 
not result in an overloading of the shores. If, however, the beams are 
stressed prior to the slabs, the balanced beam load is reacted by the 
supporting columns. When the slabs are stressed, their balanced load is then 
able to be carried by the beams and through beam flexure, by the columns. 
With this arrangement, there is no over-loading of any shores. 
Typically, the post-tensioning for slabs is designed based on an assurp.ption 
of an idealised tendon profile in which the tendon is assumed to be 
parabolicaJly .. draped between the reaction points (figure 8.23). In practice, 
however, this idealised profile does not occur as the ducts and the tendons 
are not physically able to undergo such a severe angular change at the 
support without damage. Further, such a severe kink in the tendon and duct 
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would give rise to extremely high levels of friction, resulting in excessive 
stress loss. 
Load= 8Ph/L kN 
Load balanced= 8PhfL2 kN/m 
where: 
P = stressing force (kN) 
h =cable drape (m) 
L =span (m) 
Figure 8.23 One-Way Slab Load Balancing (Idealised Tendon Profile) 
In practice the tendons are laid with a reverse curvature such that there is a 
gentle transition of tendon profile over the points of support as indicated in 
8.24. This profile avoids damage to the duct and tendon, and keeps the 
stressing losses due to friction within acceptable levels. This profile spreads 
the balanced load to be reacted over a larger reaction area. 
Points of 
contraflexure 
Figure 8.24 One-Way Slab Load Balancing (Actual Tendon Profile) 
133 
Section 8 Parametric Study Stephen L. Kajewski 
8.7.2 Flat Slabs and Flat Plates 
Typically, post-tensioned flat slabs and plates are characterised by a 
concentration of stressing tendons within the column strips and fewer 
tendons within the middle strips as indicated in figure 8.25. The method of 
load distribution for flat slabs and plates is similar to that for one-way slabs, 
however, the balanced load from the stressing of tendons in one direction is 
reacted by the column strip tendons running in the perpendicular direction. 
As with one-way post-tensioned slabs, it is important to stress the members 
in an appropriate order such that there is no ov·erloading of the supporting 
shores and slabs. If the middle strip tendons were to be stressed first, the 
load balanced would be transferred to the unstressed column strip. As this 
column strip is unstressed, it is unable to carry any of the applied loads. The 
load from the middle strip is, therefore, transferred to the shores under the 
column strip shores, possibly resulting in an overload situation. 
The idealised load distribution for this stressing procedure is indicated in 
figure 8.26. To avoid a possible overload situation, it is necessary to stress 
the tendons in the column strips (both directions) first such that the load 
balanced in the column strip is transferred directly to the columns. When the 
middle strip tendons are subsequently stressed, the load balanced is 
transferred to the perpendicular column strips and through flexure to the 
columns, thus avoiding an overloading of the column strip shores. The 
idealised load distribution for this stressing procedure is indicated in figure 
8.27. 
It should be noted that_ both figure 8.26 and 8.27 are idealised. The actual 
load distribution will not be necessarily conform to such uniformly 
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distributed regions. The load distribution is a function of the actual tendon 
profile (location of points of contraflexure and reverse tendon curvature). 
The points of contraflexure do not necessarily coincide with the boundary 
between the column and middle strips. 
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Figure 8.25 Flat Slab/Plate Post-Tensioning Arrangement 
135 
Section 8 Parametric Study Stephen L. Kajewski 
Increased shore loading 
Figure 8.26 Idealised Load Distribution 
(Column Strips Unstressed, Middle Strips Stressed) 
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Increased shore loading 
Shore SLR = 1.0 
Figure 8.27 Idealised Load Distribution 
(Column Strips Stressed, Middle Strips Unstressed) 
8.8 Summary 
Post-tensioning produces multi-level formwork load distributions that are 
quite distinct from those arising for conventionally reinforced slabs due to a 
number of parameters. The preceding examination of these parameters is 
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summarised here. Unless noted otherwise, it is assumed that the full slab 
self-weight is balanced by the post-tensioning and that the uppermost slab is 
stressed prior tO the pouring of a new slab or the stripping of the lowest level 
of shores or reshores. 
a) Timing ofthe Stress Application: 
i) Stressing the slab before or after the lowest level of 
shoring is stripped: 
a) The loads are not cumulative at the foundation 
level shores. Rather, the slab load ratio in the 
foundation level shores alternates between 1.0 
as the new slab is poured and 0.0 as the new 
slab is stressed. 
b) All slabs experience the maximum slab load 
ratio at the pour date when they become lowest 
slab in the multi-level formwork system. 
c) There is a slight incre9,se in the maximum slab 
load ratio if the lowest level of shoring is 
stripped prior to the stressing of the uppermost 
slab. 
ii) Stressing the slab before or after the next slab 1s 
poured: 
a) If the new slab is poured before the slabs have 
been stressed, the unbalanced portion of slab 
loads are cumulative at the foundation level 
shores (provided they remain undisturbed). 
b) If the new slab is poured before the slabs have 
been stressed, there is an increase in the 
maximum slab load ratio experienced by a 
slab. 
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iii) The maximum slab load ratio 1s lower, and the 
corresponding factor of safety is higher, than for 
conventionally reinforced slabs regardless of the stage 
at which a slab is stressed. 
b) Magnitude of the Stress (Load Balanced): 
i) Full slab self-weight balanced: 
a) If the full slab self-weight is balanced, each 
slab in the multi-level formwork system will 
experience the maximum slab load ratio as it 
become the lowest slab in the system. 
b) The factor of safety is at its highest value when 
full slab self-weight is balanced by the post-
tensioning. 
ii) Less than full slab self-weight balanced: 
iii) 
a) If less than the full slab self-weight 1s 
balanced, the ma.ximum slab load will occur in 
the slab that was last poured prior to the 
removal of the foundation level shores. This 
maximum will occur at the pour date when this 
slab is the lowest slab in the multi-level 
formwork system. 
b) An inverse linear relationship exists between 
the max1mum slab load ratio and the 
proportion of slab self-weight balanced. As the 
portion of slab self-weight balanced increases, 
the maximum slab load ratio reduces and the 
corresponding factor of safety improves (non-
linear). 
Greater than full slab self-weight balanced: 
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Balancing greater than full slab self-weight 
results in a lowering of the shore loads while 
they remain undisturbed in contact with the 
foundation. 
b) Balancing greater than full slab self-weight 
after the removal of the foundation level 
shores produces a load distribution the same as 
if full slab self-weight had been balanced. 
c) Balancing greater than full slab self-weight is 
of only minor benefit during the formworking 
operation in that it makes reshoring slightly 
easier by completely unloading the shores 
allowing their removal and the installation of 
reshores without altering the load distribution. 
This, however, can also be achieved by 
balancing the full slab self-weight only. 
c) Stressing losses: 
i) Stressing losses result in a slight increase m the 
maximum slab load ratio. 
ii) Stressing losses result in a redistribution of the loads 
downwards, increasing the loads on the lower level 
slabs and reducing the loads on the high level slabs. 
iii) The overall effect of stressing losses is minimal and in 
most situations could be ignored. 
d) Number of shoring levels: 
i) Increasing the number of shoring levels for post-
tensioned slabs results in a reduction in the maximum 
slab load ratio (non-linear) and an increase in the 
corresponding factor of safety (non-linear). This is 
contrary to conventionally reinforced slabs in which 
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increasing the number of shoring levels results in an 
increase in the maximum slab load ratio. 
e) Shoring procedure: 
i) Unlike reshoring a conventionally reinforced slab 
system which lowers the slab load ratios, reshoring a 
post-tensioned slab system produces no further 
reductions in the slab load ratios over those arising 
from an undisturbed shoring scenario. 
ii) Increasing the number of reshored levels with a 
corresponding reduction in the number of undisturbed 
shoring levels (i.e. same net number of supporting 
levels) has no effect on the load distribution. For this 
reason, post-tensioned slabs lend themselves to high 
levels of reshoring as the slab loads are not increased 
with increasing levels of reshoring. 
iii) Stripping and reshoring slabs or pouring a new slab 
before the uppermost slab has been stressed results in 
a slight increase in the slab load ratios occurring 
between the pour dates; an increase in the maximum 
slab load ratio; and a reduction in the corresponding 
factor of safety. 
f) Tendon profile and order of tendon stressing: 
i) The actual tendon and duct profile achieved on site 
results in a reverse curvature over the supports. This 
reverse curvature spreads the load to be reacted 
between the points of contra.flexure rather than over 
the entire slab span .. 
ii) When constructing one-way slabs and beams, the 
beams should be stressed first, and the slabs stressed 
second, to avoid any possible overload. 
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iii) When constructing flat plates or flat slabs, the tendons 
within the column strips (in both directions) should be 
stressed first, and the tendons in the middle strips 
stressed second, to avoid any possible overload. 
The effect of post-tensioning on multi-level formwork load distribution as 
detailed in this parametric study have a number of implications for current 
design and construction practices. These implications are explored in the 
following section. 
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9. lJ.Vt:PLICATIONS FOR CONSTRUCTION AND DESIGN 
PRACTICE 
9.0 General 
The preceding study has indicated that the load distribution that occurs 
during the multi-level formworking of post-tensioned slabs is inherently 
different from the distribution arising for conventionally reinforced slabs. It 
is reasonable to assume that the multi-level shoring procedure adopted for 
post-tensioned slabs could be significantly different to that required for 
conventionally reinforced slabs. This section details a number of possible 
implications for current construction practice when constructing multi-level 
post-tensioned slabs. In particular, the post-tensioning of slabs in a multi-
level structure has implications for: 
a) the duration of the slab construction cycle, and therefore, the 
overall building construction duration; 
b) the safety of the permanent structure and construction personnel 
during the multi-level formwork operation; 
c) the overall amount of formwork and shoring materials required 
for the project. 
It should be noted that the following scenarios are used to demonstrate some 
of the potential improvements to multi-level form work construction practice 
as a result of using post-tensioned slabs. The scenarios concentrate only on 
the effects of the post-tensioning and are not meant to represent a full design 
procedure. Other issues need to be considered by the designer when 
assessing or proposing a shoring procedure for a project including the: 
a) developed punching shear capacity of a slab; 
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b) short-term cracking and deflections; 
c) effects of high construction loads on long-term slab serviceability. 
The following scenarios are based on the concrete properties as indicated in 
figure 9.1. The factor of safety calculations are in accordance with the 
procedure outlined in appendix K and have been based on assumed design 
loads of 4 kPa dead load, 5 kPa live load, and construction live loads of 1 
kPa on the uppermost slab and 0.25 kPa on all others. 
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Figure 9.1 Assumed Concrete Properties 
9.1 Implications for Construction Cycle Times 
28 
Figure 9.2 represents an undisturbed shoring procedure for a conventionally 
reinforced flat plate structure. Designed in accordance with Standards 
Australia (AS3610, 1990) requirements for a 7 day cycle and an assumed 
ambient t~mperature of 20 °C, 3 levels of undisturbed supports are required. 
Stripping of the shores is not to occur until at least 2 days after the new slab 
has been poured. 
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The equivalent post-tensioned flat plate structure is indicated in figure 9.3 
and is based on an assumption of full slab self-weight balancing with 
stressing occurri.ri.g at· a slab age_ of 5 days. The lowest factors of safety for 
various slab ages at the different construction stages are provided in table 
9.1. 
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At the construction stage of pouring a slab, table 9.1 indicates that generally, 
the factor of safety is improved for the post-tensioned flat plate structure. 
The slab immediately under the new slab suffers a drop in the factor of 
safety. For this slab, at this particular construction stage, the factor of safety 
drops from 1.88 for the conventionally reinforced structure to 1.25 for the 
post-tensioned structure. At all other construction stages, however, there is 
an improvement in the factor of safety for the post-tensioned flat plate 
structure. 
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Table 9.1 Factor of Safety (3 Levels Undisturbed Shoring, 7 Day Cycle) 
Structure Construction Slab Slab Load Ratio Factor 
Stage Age at Specified Age of Safety 
(days) 
Conventionally Pour 7 0.87 1.88 
Reinforced 14 1.52 1.53 
21 2.28 1.15 
Strip 2 0.56 1.09 
9 1.18 1.58 
16 1.93 1.25 
Post-Tensioned Pour 7 1.31 1.25 
14 1.34 1.73 
21 1.35 1.94 
Strip 2 0.19 3.22 
9 1.45 1.53 
16 1.49 1.72 
Stress 5 1.00 1.31 
12 1.00 2.14 
19 1.00 2.53 
As indicated in figure 9.4 and table 9.2, it is possible to reduce the slab pour 
cycle time to 4 days for the post-tensioned structure before achieving a 
factor of safety equal to, or lower than, the lowest value for the 
conventionally reinforced structure. 
Considering the factor of safety only, post-tensioning has the potential to 
shorten the slab pour cycle (in this scenario from 7 days to 4 days; a saving 
of 3 days per slab). However, due to the particularly low levels of 
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conventional reinforcement in post-tensioned slabs, there is the potential for 
damage if these slabs are loaded at an early age before the slab has been 
stressed. It may be preferable to adopt a pour cycle that allows the slabs to 
be stressed before it is loaded by the pouring of a new slab. For the scenario 
presented, this would limit the slab pour cycle to 5 days- still representing 
a time saving of2 days per slab. Alternately, it may be possible to stress the 
slab at an earlier age. This may or may not require the use of concrete with 
higher earlier strengths to avoid anchorage failure during the stressing 
operation. 
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Table 9.2 Factor of Safety (3 Levels of Undisturbed Shoring, Post-
Tensioned Structure, 4 Day Cycle) 
Structure Construction Slab Slab Load Ratio Factor 
Stage Age at Specified Age of Safety 
(days) 
Post-Tensioned Pour 4 0.49 2.33 
8 1.73 1.02 
12 2.07 1.05 
Strip 2 0.2 3.06 
6 1.38 1.0.7 
10 1.70 1.15 
Stress 5 1.00 1.32 
9 1.48 1.27 
13 1.75 1.29 
9.2 Implications for Construction Safety 
Currently, there is not any clear guidance as to appropriate factors of safety 
to be achieved during the multi-level formworking process. Knodo (in 
Beresford, 1971 ), comments that short-term overloads up to 1.5 times the 
design loading (working) may be permissible. Beresford states that 
excessive deflection is of greater consequence, with over-stressing resulting 
in excessive cracking, reduced stiffness and therefore excessive elastic 
deformations. Beresford (1971: 3) states that 'cracking of a concrete floor 
slab, at least at restrained edges, is inevitable under service loads, thus the 
generally unattainable criteria of no cracking can not be used'. ANSI 
A10.9 (in Hurd and Courtois, 1984), indicates that a factor of safety of 1.3 
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(ultimate) should be adopted for construction loads. Hurd and Courtois 
(1984) prefer to adopt a factor of safety of 1.4 (ultimate). 
Standards Australia (AS3610, 1990) indicates that the design ultimate 
strength of a material should be reduced by a strength reduction factor 
appropriate for the material. Standards Australia (AS3600, 1988) indicates 
that the strength reduction factor to be applied for concrete members subject 
to bending is 0.8 (this equates to an approximate factor of safety of 1.25). 
For the scenario presented, it is evident from table 9.1 that the factors of 
safety for the post-tensioned flat plate structure are generally higher than 
those for the conventionally reinforced structure. This reduces the potential 
for damage to slabs, or partial or total collapse of the temporary and 
permanent structure. 
Table 9.1 indicates that at the construction stage of pouring a new slab, the 
overall effect of post-tensioning is to improve the safety. There is, as 
previously identified, a lowering of the factor of safety for the post-
tensioned slab immediately below the new slab but its factor of safety is still 
within reasonable limits. This is because the post-tensioning of this slab has 
caused a redistribution of loads from the lower, more heavily loaded slabs to 
this higher, younger slab. That is, it is carrying more load at a younger age 
than the equivalent conventionally reinforced slab. The lower post-tensioned 
supporting slabs have improved factors of safety. 
Table 9 .1, also indicates that at the construction stage of stripping the lowest 
level of undisturbed shoring, the effect of the post-tensioning, generally, is 
to improve the factors of safety overalL In this particular scenario, there is a 
slight lowering of the factor of safety for the post-tensioned slab aged 9 
days, although this is negligible. At the stage of stripping, the post-
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tensioning results in lower shore loads for the level to be stripped making 
their removal easier and safer for the formwork crew. In the scenario 
presented, the shores have been completely unloaded by the stressing prior 
to their removal. Further, as there is less or even no load to be redistributed, 
there are less significant load movements throughout the structure. This 
reduces the potential for damage to other slabs and danger to the formwork 
crews required to work under the formwork structure during the stripping 
operation. 
9.3 Implications for Formwork and Shoring Material Quantities 
and Costs 
The unloading of the shores due to the load balancing effects of the post-
tensioning gives rise to the potential for savings in formwork and shoring 
materials by allowing a slab to be stripped earlier. That is, post-tensioned 
slabs are ideally suited to reshoring operations that allow the number of full 
formwork and shoring sets to be reduced. 
Standards Australia (AS3610 Supplement 2, 1996: clause C5.4.4) cautions 
against the adoption of reshoring procedures due to the resulting load 
distributions and states 'reshoring involves the complete stripping of areas 
of formwork, up to the size of a complete structural bay of the permanent 
structure, followed by the placing of supports up to the stripped concrete 
soffit. During the period of this stripping there is a significant redistribution 
of slab loadings. As this occurs when the slabs are young, and at strengths 
' below their design strength, there is the potential for reduced serviceability 
of the permanent structure and possibly even failure'. 
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Figure 9.5 indicates a post-tensioned flat plate structure constructed using 2 
levels of undisturbed shoring and 1 level of reshoring as opposed to the 3 
levels of undisturbed shoring presented in figure 9.3. In this scenario, it is 
assumed that the stripping and reshoring operations are not undertaken until 
the slabs have been stressed. 
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Figure 9.5 indicates that if full load balancing is performed, there are no 
shore loads to be redistributed when stripping and reshoring the lowest level 
of shoring. Even if less than full load balancing is undertaken, the shore 
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loads to be redistributed are still less than those for a conventionally 
reinforced structure. Further, a shoring procedure with 1 set of undisturbed 
shores and 2 levels of reshores could also be adopted without altering the 
load distribution presented in figure 9.5. The scenario in figure 9.5 assumes 
that the slabs are stressed prior to the stripping and reshoring operation. If 
the construction cycle is such that the stripping and reshoring occurs before 
the slabs are stressed, there will be some load in the shores being stripped, 
resulting in a redistribution of loads. Generally, except for the uppermost 
slab, as the majority of the slabs will have been stressed by this stage, the 
loads to be redistributed will be minimal. Reshoring is, therefore, able to be 
undertaken on post-tensioned structures without the load redistribution 
concerns that arise with conventionally reinforced structures. 
Construction practicalities can limit reshoring operations for post-tensioned 
slabs. The scenario presented in figure 9.5, while theoretically possible, is 
subject to certain practical challenges. The scenario in figure 9.5 assumes 
that the slabs are stressed at day 5 in the pour cycle with the lowest level of 
undisturbed shoring being stripped and reshored on day 6 prior to the pour 
on day 7. For all but the smallest slab areas, constructed with conventional 
formwork, it would be virtually impossible to strip and reshore a slab in 1 
day. If it is necessary to stress the slabs before any stripping and reshoring is 
undertaken, such that there is minimal load redistribution, the slab pour 
cycle may need to be lengthened or the slabs may need to be stressed at an 
earlier age: Alternately, the use of flying or table forms is ideally suited to 
reshoring operations as they allow for a slab to be stripped and reshored in a 
minimum period. 
' 
Due to a more open structure, reshoring operations also allow earlier access 
to slabs by following trades. This allows for following construction 
activities to be commenced, and therefore, finished earlier. Although the 
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following trades are often not on the project critical path and, therefore, do 
not affect the overall project duration significantly, early access gives rise to 
other benefits. The most significant benefit is that the various trades are able 
to be given longer access to each slab, thereby, reducing interference and 
conflict between trades competing for the limited space. 
9.4 Summary 
Post-tensioned slabs offer a number of possible benefits during the multi-
level formwork operation that are unavailable with conventionally 
reinforced slabs. The preceding arguments are summarised as follows: 
a) With post-tensioned slabs, there is generally a significant 
improvement in the factors of safety over those for equivalent 
conventionally reinforced slabs. This improvement in the factor 
of safety occurs at all stages of the multi-level formwork 
operation. The potential for damage to the slabs is, therefore, 
reduced for all stages of construction. This is of particular 
importance during stripping and reshoring operations. 
b) Due to the general improvements in the factors of safety with 
post-tensioned slabs, there is a potential for a shortening of the 
slab construction cycle time. As the construction of the slabs 
often lies on the project's critical path, even small savings in time 
for each slab can result in a significant shortening of the overall 
project duration. 
c) The low level of load redistribution during stripping operations 
makes post-tensioned slabs ideally suited to reshoring procedures. 
Provided the overall number of interconnected levels remains 
unaltered, it is possible to increase the number of reshored levels 
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while reducing the number of undisturbed shoring levels without 
altering the load distribution or factors of safety. It is possible, 
therefore, to reduce the number of full form work and shoring sets 
required for a post-tensioned slab project, thus reducing the cost 
of the formwork component of the project. Further, it allows for 
earlier access to slabs by following trades, possibly reducing 
inter-trade conflict and shortening the overall project duration. 
As detailed in the preceding examination, these benefits are subject to 
practical constraints. To achieve some or all of the benefits for a particular 
project, it may or may not be necessary to: 
a) adopt a slab construction cycle such that all slabs are stressed 
before a new slab is added or a lower level slab is stripped and/or 
reshored; 
b) stress a slab at an earlier age than would normally be the case 
which may or may not involve the use of higher early strength 
concrete or lowers levels of stress (less load balanced); 
c) use alternate formwork systems such as flying or table forms to 
allow faster removal and replacement, particularly for reshoring 
operations. 
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10. CONCLUSIONS AND RECOMMENDATIONS 
10.0 General 
The primary objective of this thesis has been to research post-tensioning and 
the effect that it has on multi-level formwork load distribution. Through an 
extensive on-site measurement project and theoretical analysis of the load 
distribution process, a range of parameters associated with post-tensioning 
and multi-level formwork were investigated. From this investigation, 
conclusions as to the effects of post-tensioning and recommendations for 
construction and design practice were able to be drawn. 
The on-site measurement phase of the project was one of only a handful of 
such projects undertaken since the 1950's to measure actual shore and slab 
loads arising during a multi-level formwork operation. The data obtained 
from this phase of the project provided valuable information allowing many 
assumptions associated with multi-level formwork load distribution to be 
confirmed .. Further, it provided verification for the proposed theoretical 
analysis techniques (simplified analysis method and finite element model) 
enabling them to be used in the assessment of the effect of a range of 
parameters. 
The theoretical analysis and parametric study phase of the project examined 
a range ·of parameters associated with post-tensioning and multi-level 
formwork shoring procedures. From this analysis, it was possible to confirm 
the behaviour of post-tensioned slabs and the beneficial effect that the post-
tensioning has on load distribution during construction. 
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Based on the results of the on-site measurement project and the theoretical 
analysis, it was demonstrated that post-tensioned slabs may, under certain 
circumstances: 
a) allow for a shortening of the construction period; 
b) provide an improvement in the factor of safety against slab 
damage or collapse; 
c) allow for a reduction in the quantity, and hence cost, offormwork 
and shoring materials required for a project. 
The conclusions reached as to the effect of post-tensioning on multi-level 
formwork load distribution, as reported in this thesis, are summarised in the 
following sections. In addition, future research directions associated with 
multi-level formwork load distribution are recommended. 
10.1 
10.1.1 
Conclusions and Recommendations 
Conclusions from Pilot and Full Scale On-Site Measurement 
Projects 
The pilot and full scale projects prCNided an insight into the actual effects of 
post-tensioning on multi-level formwork load distribution. From the 
extensive data obtained on these projects, a number of conclusions were able 
to be drawn. 
Conclusion: The post-tensioning of slabs causes an upward redistribution of 
load. This results in an increase in the load on the slab being stressed and a 
reduction in the loads carried by the supporting slabs and shores. The load 
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redistributed is in direct proportion to the slab load balanced by the post-
tensioning. 
The phenomenon of slab lift due to the load balancing effects of 
post-tensioning was highlighted by the pilot project and confirmed 
by the full scale project. These projects demonstrated that the slab 
lifts as the draped post-tensioning tendons are stressed. That is, the 
immediate slab deflection arising during pouring is reversed to some 
extent during stressing. This lifting of the slab results in an 
unloading of the supporting slabs and shores in direct proportion to 
the slab load balanced by the post-tensioning. If the full slab self-
weight is balanced by the post-tensioning, the supporting slabs and 
shores are relieved of a load equivalent to that slab's self-weight. If 
the post-tensioning balances less than the full slab self-weight, the 
supporting slabs and shores are relieved of a load equivalent to that 
portion of slab load balanced. The unbalanced portion of the slab 
self-weight remains in the supporting slabs and shores. 
Conclusion: The shores or reshores in a multi-level formwork shoring 
operation produce a non-uniform load distribution on supporting slabs. 
The pilot and full scale projects also confirmed that the shores 
produce a non-uniform load distribution across the supporting slabs. 
This is due to slab edge fixity or continuity effects, concrete column 
stiffness effects, and variations in the structural slab section (e.g. 
beams). The shore loads were found to vary from a maximum value 
towards the centre of the slabs to a minimum value near the columns. 
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Conclusion: The load distribution process for post-tensioned slabs is 
similar to that of conventionally reinforced slabs in that loads are 
distributed or redistributed in direct proportion to the relative slab stiffness. 
10.1.2 
The pilot and full scale projects confirmed that the process of load 
distribution that occurs in a post-tensioned structure prior to 
stressing is similar to the load distribution for a conventionally 
reinforced structure. That is, the loads due to the pouring of a new 
slab are distributed downward through the interconnected slabs in 
direct proportion to their relative stiffness. As shores are removed, 
the loads are distributed upwards through the interconnected slabs, 
also in direct proportion to their relative stiffness. The effect of post-
tensioning is to increase the load on the slab being stressed and 
decrease the load on the supporting structure. This unloading of the 
supporting structure results in a redistribution of loads among the 
interconnected slabs in direct proportion to their relative stiffness. 
Conclusions from Parametric Study 
The pilot and full scale projects also allowed confirmation of the validity of 
the proposed simplified analysis method and the finite element model. 
These analysis methods were then used to undertake a parametric study into 
a number of criteria associated with post-tensioning. From this parametric 
study, a number of conclusions were able to be drawn. 
Conclusion: The maximum slab load is at its minimum value when the slabs 
are post-tensioned prior to the stripping of existing slabs or the pouring of a 
new slab. 
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The parametric study highlighted that the stage at which a slab is 
post-tensioned affects the multi-level formwork load distribution. If 
an existing slab is stripped before the post-tensioning of the new slab 
is completed, there is an increase in the maximum slab load. An 
increase in the maximum slab load is also experienced if a new slab 
is poured before the supporting slabs have been post-tensioned. 
Conclusion: Slab loads are not cumulative at the undisturbed foundation 
level shores. 
The pilot and full scale projects and the parametric study indicated 
that the undisturbed foundation level shore loads were not 
cumulative as they are for conventionally reinforced slabs. The effect 
of the post-tensioning is to unload each level of shores (assuming 
full slab self-weight balancing) as each slab is post-tensioned. The 
load in the foundation level shores varies between 1.0 as each new 
slab is poured and 0.0 as that slab is post-tensioned. Any residual 
loads in the shores from unbalanced slab loads or additional 
construction loads are cumulative with each new slab load. 
If new slabs are poured before the existing slabs have been post-
tensioned, the new slab load and the unbalanced portion of the 
existing slab loads are cumulative at the undisturbed foundation 
level shores. 
Conclusion: All slabs experience the maximum slab load as they become the 
" 
lowest slab in the multi-level formwork structure. 
If full slab self-weight balancing is adopted, each post-tensioned slab 
experiences the same maximum slab load at the pour date at which it 
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is the lowest slab in the multi-level formwork structure. If less than 
the full slab self-weight is balanced by the post-tensioning, the 
maximum slab· load occurs · in the slab that was last poured 
immediately prior to the removal of the undisturbed foundation level 
shores. This maximum occurs at the pour date at which this 
particular slab is the lowest slab in the multi-level formwork 
structure. This is similar to conventionally reinforced slabs. 
Conclusion: As the proportion of slab self-weight balanced by the post-
tensioning increases, the maximum slab load reduces and the factor of 
safety improves. 
The parametric study demonstrated that the factor of safety 
corresponding with the maximum slab load was at its highest value 
(safest condition) when the full slab self-weight was balanced by the 
post-tensioning. As the proportion of slab self-weight balanced 
reduces, the maximum slab load increases with a corresponding 
reduction in the factor of safety. As the proportion of load balanced 
approaches 0%, the factor of safety approaches that for 
conventionally reinforced slabs. 
Conclusion: There is no further reduction in the maximum slab load ratio as 
a result of balancing greater than the full slab self-weight. 
If greater than the full slab self-weight is balanced by the post-
tensioning, there is no further reduction in the maximum slab load or 
'< 
improvement in the corresponding factor of safety. There is, 
however, a reduction in the undisturbed foundation level shore loads 
in direct proportion to the over-stress. 
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Conclusion: Stressing losses result in a downward redistribution of load. 
The basic effect of stressing losses is to lower the proportion of slab 
load balanced by the post-tensioning. As a result, slab load is put 
back into the multi-level formwork structure, thereby, increasing the 
loads on the lower level slabs. Stressing losses also result in an 
increase in the maximum slab load. The effect of stressing losses is 
insignificant in most situations. 
Conclusion: Increasing the number of shoring levels reduces the maximum 
slab load for post-tensioned slabs. 
Unlike conventionally reinforced slabs, increasing the number of 
shoring levels results in a reduction in the maximum slab load and an 
improvement in the corresponding factor of safety. 
Conclusion: Reshoring operations for post-tensioned slabs do not alter the 
multi-level formwork load distribution. 
If the full slab self-weight is balanced by the post-tensioning, the 
shores are completely unloaded by the post-tensioning before they 
are stripped. When a slab is stripped and reshored, there is no load to 
be redistributed and the multi-level formwork load distribution 
remains unaltered. Further, increasing the number of reshored levels 
with a corresponding reduction in the number of undisturbed shoring 
levels (i.e. same net number of supporting levels) does not alter the 
load distribution. Post-tensioned slabs are, therefore, ideally suited to 
reshoring operations where the primary concern has traditionally 
been the redistribution of large shoring loads. Post-tensioned slabs 
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10.1.3 
also lend themselves to high levels of reshoring as the slab loads are 
not-increased with increasing levels of reshoring. 
Implications for Design and Construction Practice 
In addition to the preceding conclusions, there are a number of implications 
for current design and construction practice as a result of the effects of post-
tensioning on multi-level formwork load distribution. Post-tensioned slabs 
allow for improvements to multi-level formwork practices, essentially by 
improving the factors of safety during construction over those that would 
arise for conventionally reinforced slabs. 
Conclusion: Post-tensioned slabs improve the safety of the permanent and 
temporary structure and construction personnel during multi-level 
formwork operations. 
The parametric study demonstrated that the post-tensioning of slabs 
results in a general improvement in the factor of safety at all stages 
of construction. The potential for damage to, or collapse of slabs 
during multi-level formwork operations is therefore reduced. 
Conclusion: Post-tensioned slabs allow for a faster rate of construction. 
Post-tensioned slabs allow for a shortening of the slab construction 
cycle time without lowering the factors of safety below those arising 
< 
for the equivalent conventionally reinforced slab structure. As the 
construction of slabs often lies on the project's critical path, the 
cumulative time savings for each slab result in a shortening of the 
overall project duration. 
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Reshoring procedures provide earlier access to lower levels for 
following trades, allowing for improvements in the scheduling of the 
often non-critical construction activities. 
Conclusion: Post-tensioned slabs allow for a reduction in the quantity of 
formwork and shoring materials required for a project. 
It was argued that post-tensioned slabs are ideally suited to reshoring 
operations due to the low levels of load (if any) to be redistributed. 
Reshoring operations allow for a reduction in the number of full 
formwork and shoring sets required for a project thus reducing the 
quantity (and cost) of formwork materials and site storage space 
required. 
Recommendation: Due to the process by which loads are transferred and 
reacted during stressing operations, it is necessary to stress tendons in a 
particular order. 
For one-way slabs and beams, it is recommended that the beams 
should be stressed prior to the stressing of the slabs. For flat slabs 
and plates, it is recommended that the column strip tendons (in both 
directions) should be stressed prior to the stressing of the middle 
strip tendons (in both directions). 
10.2 Recommendations for Future Research 
This thesis represents the first extensive investigation into the effects of 
post-tensioning of multi-level formwork load distribution. It has examined 
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the influence of a range of parameters associated with post-tensioning and 
how those parameters affect the load distribution process. Being pioneering 
research in the area of multi-level formwork load redistribution for post-
tensioned slabs, it was not possible to be all-encompassing. This research 
provides a comprehensive base from which to undertake further related 
research. 
Much of the recent research associated with multi-level formwork load 
distribution for conventionally reinforced slabs has been into the area of 
time dependant effects from concrete creep and shrinkage. Although this 
research confirms that the immediate effects of such influences are minimal 
for conventionally reinforced slabs, research into these effects on post-
tensioned slabs is suggested. Research has indicated that these effects are 
more significant when considering the long-term effects for conventionally 
reinforced slabs. Although post-tensioned slabs have improved long-term 
serviceability behaviour, further research is required to allow any firm 
conclusions to be drawn. 
It is also recommended that further research be undertaken into the effects 
non-typical situations including: 
a) shock or impact loading from construction activities; 
b) sudden de-stressing of slab sections arising from anchor or tendon 
failure; 
c) non-uniform load balancing arising from significantly different 
stress levels being put into adjacent tendons; 
d), non-typical slab sections. 
The improvements to construction practice as proposed by this thesis are, to 
some extent, reliant on a number of factors related to the stage at which a 
slab is post-tensioned. It was demonstrated that faster slab construction 
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cycle times and higher levels of reshoring were possible provided the slabs 
could be stressed before any stripping or reshoring was oodertaken and 
before the next new slab was added. To capitalise on these benefits, further 
research is required into on and off-site practical issues such as: 
a) methods of economically stressing slabs earlier without the 
potential for damage to the slab; 
b) methods of economically stripping and reshoring slabs more 
rapidly such that the next pour is not delayed while waiting for 
the required number of reshoring levels to be put in place. 
The varwus design standards discourage the adoption of reshoring 
procedures based on the argument of the large load redistribution that arises 
early in the life of conventionally reinforced concrete slabs. This thesis 
demonstrated that with post-tensioned slabs, there was no load redistribution 
due to reshoring operations (in practice there may be minor load 
redistribution due to some residual shore load). It is recommended that the 
relevant design standards and codes of practice be reviewed with a view to 
providing designers with more scope when assessing multi-level formwork 
procedures for post-tensioned slabs. 
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A. SIMPLIFIED Al'iAL YSIS METHOD 
A.O General 
In a landmark paper, Grundy and Kabaila ( 1963) detail an analysis 
procedure for determining multi-level formwork load distribution when 
constructing concrete structures. Despite a number of simplifying 
assumptions, the simplified method is still in wide spread use by structural 
design engineers and construction contractors to this date. Grundy and 
Kabaila (1963: 1729) claim the these assumptions 'should not affect the end 
result appreciably'. Grundy and Kabaila assume that: 
a) the shores are infinitely rigid; 
b) the closely spaced shores produce a uniformly distributed load on 
the supporting slab; 
c) the slabs are of equal stiffness; 
d) the foundation level is infinitely rigid; 
e) the effects of creep can be ignored; 
f) slabs deflect identically, distributing loads between the slabs in 
proportion to their stiffness. 
Despite these simplifying assumptions, many researchers and practitioners 
have concluded that the simplified method accurately predicts the slab and 
shore loads. 
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A.l Grundy and Kabaila Simplified Method: Undisturbed 
Supports 
The basis for the method is that loads applied during construction (e.g. 
pouring a new slab or stripping formwork) are distributed between slabs that 
are interconnected by the shoring in proportion to the slab stiffness. 
As indicated in figure A.l, the assumption of infmite foundation stiffness 
produces a situation in which all applied loads are transferred to the 
foundation via the shores. As the slabs are unable to deflect, they are unable 
to attract any of the applied loads. Provided the shores remain in an 
undisturbed state providing a continuous load path to the foundation, the 
loads in the shores are cumulative. In this case, the maximum slab load ratio 
is 3.0 indicating that the lowest set of shoring is supporting a load equivalent 
to 3 times a typical slab load. (Note that a 7 day pour cycle has been 
adopted, although this is irrelevant if equal slab stiffness is assumed.) 
-0.0.~ 1.0 0 lxlxlxl ~:~ ~:~ ~ Day 7 Day 14 Day 21 Pour Pour Pour 
Figure A.l Cumulative Effect of Shore Loads 
When the lowest level of shoring is removed, the slabs deflect and attract 
load in pr0portion to their stiffness as described by Equation A.l. 
' Ec SLR slab= SLRstab + SLRshore "i.E 
c 
(A.l) 
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Where: 
SLR's,ab 
SLRs,ab 
SLRshore 
= new slab load ratio after shore load redistribution 
= slab load ratio in slab prior to shore load 
redistribution 
= slab load ratio to be redistributed 
=modulus of elasticity of slab concrete 
= sum of Ec for all interconnected slabs 
The load in the shores is equal to the sum of the slab above minus that 
portion of the load carried by the slabs over (Equation A.2). 
SLR'shore = n- 2-SLRs,ab.over (A.2) 
Where: 
SLR'shore = new slab load ratio in shore 
n = number of interconnected slabs above the level of 
shores 
"L.SLRslob.over = sum of the slab load ratios in the slabs above the 
shores 
Using Equation A.l with equal slab stiffness, the slab load ratio of 3.0 is 
redistributed evenly between the interconnected slabs as indicated in figure 
A.2. 
' Ec SLR slab= SLRslab + SLRshore --
"L.Ec 
.. 1 
SLR' slab = 0.00 + 3 X -::; = 1.00 
.J 
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Using equation A.2, the slab load ratio in the remaining shores after the 
removal of the foundation level shores is as follows: 
SLR' shore = n- l:SLRs,ah.over 
Level3: SLR' shore = 1 - 1 = 0.00 
Level2: SLR' shore = 2- 2 = 0.00 
•00~.00 0 0.000~ 0 1~0 1.0 0 0.00 0.0 0.0 0 1.00 IXIX]X] ,, a, , 
Day 7 Day 14 Day 21 Day 26 
Pour Pour Pour Strip 
Figure A.2 Redistribution of Shore Loads 
When the level 4 slab is added, its self-weight is supported by the lower 
level interconnected slabs. Using a slight variation of Equation A.l, the new 
slab load of 1.0 is shared equally among the three supporting slabs as 
indicated in figure A.3. The level 4 slab is in a plastic state and therefore 
without flexural strength when first poured. Without flexural strength, the 
level 4 slab is not able to carry any portion of its load. Equation A.2 
provides the shore loads after the distribution of the new slab lo3;d. 
' Ec SLR slab = SLRslab + 1.00 X L.,E 
c 
. 1 
Level3: SLRslab = 1.00 + 1.00 x 3 = 1.34 (allowed for rounding error) 
1 
Level2: SLRslah = 1.00 + 1.00 x 3 = 1.33 
1 
Levell: SLRslab = 1.00 + 1.00 x 3 = 1.33 
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SLR'shore = n- L.SLRstabover 
Level3: SLRshare = 1.00- 0.00 = 1.00 
Level2: SLRshore = 2.00 -1.34 = 0.66 
Levell: SLRshore = 3.00- (1.34 + 1.33) = 0.33 
Stephen L. Kajewski 
Figure A.3 Distribution of New Slab Load 
This procedure is repeated until the maximum slab load ratio required to be 
supported by a slab has been determined. With undisturbed shoring, the 
maximum slab load ratio occurs when the slab that was last cast prior to the 
removal of the foundation level shores becomes the lowest slab in the 
interconnected set. In this example, it would be the level 3 slab as indicated 
in figure A.4. Also indicated in figure A.4 is the converged solution. Grundy 
and Kabaila indicate that for the arrangement of 3 levels of undisturbed 
shoring, the converged slab load ratio is approximately 2.0. 
Grundy and Kabaila also examined the effect of varying slab stiffnesses. 
Assuming the concrete properties indicated in figure A.5, figure A.6 
represents the slab load ratios for the same shoring procedure as presented in 
figure A.4. 
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Figure A.6 Slab Load Ratios Assuming Variable Slab Stiffness 
A.2 Grundy and Kabaila Simplified Method: Reshores 
Marosszeky ( 1972: 93) examined the process of reshoring using the Grundy 
and Kabaila simplified method and concluded that 'construction loads in a 
.. 
multi-storey structure, where the upper floors are supported by the lower 
floors, can be reduced sufficiently to make them less critical than the service 
loads where a floor is released and allowed to carry its self-weight before 
the next floor is poured'. 
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In essence, the effect of reshoring is to allow the redistribution of the slab 
loads in an upwards direction from the lower more heavily loaded slabs to 
the upper · more lightly loaded slabs. This produces a more uniform 
distribution of slab loads and significantly lowering the maximum slab load 
ratio to be supported by a slab. 
Figure A. 7 indicates the slab load ratios if a reshored procedure is adopted 
in which the slab construction cycle is 7 days; two levels of undisturbed 
shores and one level of reshores are used; and the slabs are reshored at an 
age of 13 days. 
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Figure A.7 Slab Load Ratios with Reshoring 
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A comparison between the oodisturbed shore system (figure A.4) and the 
reshored system (figure A7) reveals that the maximum slab load ratio in the 
foundation level shores has reduced from 3.0 to 2.0. Also indicated, 
however, is that the slabs are required to support their full self-weight at an 
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earlier age than that required for a system of undisturbed shores. Slab 1 for 
example is required to carry its full self-weight at an age of 13 days (day 20, 
figure A.7) rather than 19 days as indicated in figure A.4. The maximum 
slab load ratio in any of the slabs has also reduced from 2.37 to 1.83 at an 
earlier stage of construction (day 28). The age at which a slab is required to 
carry significant loads is an important consideration when selecting the 
shoring procedure and cycle time. 
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B. PILOT PROJECT DRAWINGS 
B.O General 
Figure B.l is a part structural drawing for the pilot project. The drawing 
indicates the structural sections and post-tensioning for each slab. 
Figure 8.1 Level 3 Slab (Level 2 Similar) 
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C. CALCULATIONS REQUIRED TO CONVERT 
HUGGENBERGER EXTENSIOMETER READINGS INTO SLAB 
LOAD RATIOS 
C.O General 
This section describes the calculations required to convert the 
Huggenbereger extensiometer measurements into loads and slab load ratios. 
C.l Zero Reading 
For the measurements taken with the Huggenberger extensiometer to be of 
any real value, it is necessary to compare those readings to some common 
reference point. Measuring the distance between two points without a 
reference only gives a length; it does not allow shore loads to be determined. 
A 'zero' reading was taken on all shores to be monitored immediately prior 
to the application of load (pouring of the concrete). 
C.2 Compensating for Temperature Effects on the Extensiometer 
The extensiometer 1s slightly affected by changes in temperature. It is, 
therefore, necessary to adjust the shore readings by an amount equal to the 
difference between the zero invar' reading and the daily invar readings that 
,, 
are taken just prior to commencing measurement. Measuring the difference 
' An invar is. a metal bar of known sectional and thennal properties used to calibrate the 
extensiometer to account for thennal effects. By measuring the length of the invar with the 
extensiometer at the beginning of each reading, any changes in length of the extensiometer 
due to temperature can be accounted for. 
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in invar bar length prior to the commencement of each set of readings allows 
for the readings to be adjusted for temperature. This is more often than not 
an insignificant amount with few adjustments exceeding ±0.002 mm. It is, 
however, useful for identifying and compensating for significant differences 
that could occur from situations such as the extensiometer being dropped or 
heavily knocked. 
C.3 Compensating for Temperature Effects on the Shores 
McAdam (1989) in his research into multi-level formwork load distribution 
for reinforced concrete slabs, identified temperature effects in the formwork 
shores as playing a significant role in the load redistribution process. Steel 
formwork shores, with their small cross-sectional area and high surface area 
are particularly susceptible to the effects of temperature variations and 
undergo considerable lengthening and shortening throughout the day. To 
negate the effects of temperature it is necessary to calculate the extension or 
contraction that has occurred in the prop between the two pre-set points due 
to temperature changes in successive measurements. This change in length 
is then be added to the extensiometer reading for the case of a temperature 
drop, or subtracted from the extensiometer readings for the case of a 
temperature rise. To determine the change in length, it is first necessary to 
ascertain the change in temperature from the "zero" reading. This is then be 
substituted into Equation C.1 to calculate the change in length that has 
occurring between the two pre-set points due to temperature. 
,, 
M = a.L.6.T (C.1) 
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Where: 
tJL = change in length (rnrn) 
a = coefficient of thermal expansion 
L = original length (rnm) 
l:lT = change in temperature (0 C) 
CA Converting the Extensiometer Measurement into a Load 
The extensiometer measurement 1s converted to an axial load using 
Equation C.2. 
p =A. E. IlL 
L 
Where: 
P = axial load (kN) 
A = cross-sectional area (rnm2) 
E = modulus of elasticity (MPa) 
tJL =change in length (rnm) 
L = original length (rnrn) 
(C.2) 
When determining the slab and shore loads for multi-level formwork, it is 
common to express those loads as a slab load ratio rather than an actual 
finite load. A slab load ratio is calculated by dividing the actual load on the 
slab ~r shore by the load that would be produced by a single typical slab. 
For example, a slab load ratio of 1.45 in a shore indicates that the shore is 
carrying the equivalent of 1.45 typical slab load loads. 
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C.5 Sample Calculation 
As an example, a typical set of calculations converting an extensiometer 
measurement into a slab load ratio is detailed. 
Data: 
Zero Reading Reading 1 
Date: 22 March 1996 25 March 1996 
Temperature: 22 oc 25°C 
Invar Length: 252.471 rnm 252.473 rnm 
Extensiometer Reading: 252.476 rnm 252.469 rnm 
Typical slab self weight supported by the particular shore = 
7.5kN 
Compensating for temperature effects on the Huggenberger 
extensiometer: 
Change in Invar Length = 252.473-252.471 = 0.002mm 
Adjusted Reading 1 = 252.469-0.002 = 252.467rnm 
Compensating for temperature effects on the shores: 
Using equation C.l: 
M =a. L. t:J.T 
a= 11.7x10-6, L = 252.476rnm, t:J.T = 25-22 = 3° C 
:. M = 11.7x10-6 x252.476x3 = 0.009rnm 
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Adjusted Reading 1 = 252.467- 0.009 = 252.458mm 
Converting the extensiometer measurement into a load: 
Using equation C.2: 
P= A.E.M 
L 
A= 64lmm 2 ,E = 2xl05 MPa,L = 252.476mm 
M = 252.458-252.476 = -0.018mm 
641x2xl05 x0.018 
:. P = = 9.14kN 
252.4 7 6x 1 000 
Converting the load into a slab load ratio: 
Slab Load Ratio = 9.1 4 = 1.22 
7.5 
That is, the shore is carrying an additional 22% of load over 
that which it would carry if it was supporting a single typical 
slab only. 
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D. PILOT PROJECT SITE DATA 
D.O General 
Table D.l contains the Huggenberger extensiometer measurements for the 
pilot project. Huggenberger extensiometer measurements marked as "lost" 
were unavailable for a number of reasons including the removal of the shore 
by site personnel or accident and missing gauge markers due to them being 
knocked off. 
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Table D.l Pilot Project Site Data 
Date Temperature Invar Huggenberger Extensiometer Reading 
Start Finish Avg. 
oc oc oc Shore Number 
1 2 3 4 5 
7-Jan-95 29.5 30.0 29.8 252.468 252.490 252.523 252.628 252.535 252.548 
9-Jan-95 25.6 24.7 25.2 252.471 252.470 252.507 252.610 252.499 252.515 
11-Jan-95 26.1 26.4 26.3 252.471 252.470 252.511 252.610 252.507 252.507 
12-Jan-95 26.2 26.2 26.2 252.471 252.475 252.513 252.608 252.513 252.515 
13-Jan-95 26.8 26.9 26.9 252.471 252.480 252.514 252.610 252.514 252.518 
16-Jan-95 . 25.5 25.8 25.7 252.470 252.477 252.506 252.617 252.520 252.538 
6 7 8 9 10 
7-Jan-95 252.757 252.556 252.709 252.409 252.454 
9-Jan-95 252.732 252.510 252.686 252.385 252.425 
11-Jan-95 252.717 252.517 252.689 252.397 252.441 
12-Jan-95 252.730 252.515 252.697 252.398 252.444 
13-Jan-95 252.733 252.520 252.686 252.396 252.445 
16-Jan-95 252.746 252.530 252.695 252.408 252.475 
II 12 13 14 IS 
7-Jan-95 252.563 252.403 252.376 252.596 252.689 
9-Jan-95 252.527 252.385 252.356 252.560 252.669 
li-Jan-95 252.540 252.394 252.362 252.569 252.666 
12-Jan-95 252.541 252.392 252.366 252.578 252.673 
13-Jan-95 252.545 252.395 252.362 252.574 252.674 
16-Jan-95 252.550 252.422 252.351 252.580 252.678 
16 17 18 19 20 
7-Jan-95 252.428 252.445 252.487 lost lost 
9-Jan-95 252.402 252.417 252.441 lost lost 
11-Jan-95 252.405 252.423 252.442 lost lost 
12-Jan-95 252.412 252.427 252.448 lost lost 
13-Jan-95 252.411 252.426 252.455 lost lost 
16-Jan-95 252.443 252.45() 252.470 lost lost 
21 22 23 24 25 
7-Jan-95 252.440 252.549 252.520 252.508 252.547 
9-Jan-95 252.419 252.540 252.489 252.461 252.536 
11-Jan-95 252.419 252.545 252.492 252.484 252.539 
12-Jan-95 252.421 252.546 252.517 252.490 252.542 
13-Jan-95 252.438 252.546 252.518 252.485 252.537 
16-Jan-95 252.435 252.559 252.516 252.534 252.545 
26 27 28 29 30 
7-Jan-95 252.620 252.948 252.200 252.490 252.572 
9-Jan-95 252.603 252.920 252.169 252.485 252.541 
11-Jan-95 252.600 252.920 252.174 252.486 252.552 
12-Jan-95 252.601 252.924 252.198 252.730 252.566 
13-Jan-95 252.605 252.928 252.195 lost 252.554 
16-Jan-95. 252.617 252.943 252.191 lost 252.566 
~L • 
31 32 33 
7-Jan-95 252.656 253.969 252.490 
9-Jan-95 252.646 253.954 252.466 
11-Jan-95 252.644 253.964 252.488 
12-Jan-95 252.646 253.966 252.490 
13-Jan-95 252.642 253.959 252.474 
16-Jan-95 252.663 253.986 252.496 
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E. FULL PROJECT DATA 
E.O General 
Table E. I is a representative spreadsheet used to convert the site-measured 
Huggenberger extensiometer measurement into a slab load ratio. This 
spreadsheet performs the highly repetitive calculations required to obtain the 
slab load ratios in accordance with the conversion rules and equations in 
Appendix C. 
Tables E.2· to E.31 are abridged forms of the spreadsheet used to determine 
the slab load ratios. These tables indicate the site data (dates and 
Huggenberger extensiometer measurements) and the calculated slab load 
ratios for the shores; the calculation portion of the spreadsheet has been 
removed for space reasons in each instance. Huggenberger extensiometer 
measurements marked as "lost" were unavailable for a number of possible 
reasons, for example: the removal of the shore by site personnel or accident; 
missing gauge markers due to them being knocked off; and the shore being 
outside the region ofthe slab being monitored. 
With the shear volume of data collected, it was not possible to ensure that 
the measurements were always correctly taken or recorded. As such, some 
errors will obviously exist in the recorded data. Where these errors were 
obvious, the erroneous measurement was deleted from the data. Errors that 
are not obvious are not able to be removed from the data and, therefore, 
introduce a minor error in the calculations. 
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Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
ReadingO -ZERO 
Reading I 
Reading 3 
Reading 9 
Reading II 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
26-May-95 
29-May-95 
31-May-95 
Invar Correction 
26-May-95 
29-May-95 
31-May-95 
New Reading 
26-May-95 
Table E.l Typical Huggenberger Extension to Slab Load Ratio Conversion Spreadsheet 
Mezzanine 
7 to 8 
~ 1-Jan-96 
1-Jan-96 
1-Jan-96 
1-Jan-96 
Date Temperature Form work 
Stu-t Finish Avg. Situation 
oC oC oC 
26-May-95 21.1 21.1 21.1 Full 
29-May-95 17.2 17.2 17.2 Full 
31-May-95 15.4 15.4 15.4 Full 
9-Jun-95 0.0 0.0 0.0 strip 
14-Jun-95 0.0 0.0 0.0 reshore 
lnvar 1 2 3 4 5 6 7 8 
2.473 2.800 lost 2.609 2.374 2.472 2.334 2.459 2.479 
2.472 2.730 lost 2.558 2.330 2.415 2.290 2.410 2.425 
2.471 2.766 lost 2.729 2.735 2.638 2.991 2.932 2.840 
strip strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore reshore 
lnvar I 2 3 4 5 6 7 8 
252.473 252.800 #VALUE! 252.609 252.374 252.472 252.334 252.459 252.479 
252.472 252.730 #VALUE! 252.558 252.330 252.415 252.290 252.410 252.425 
252.471 252.766 #VALUE! 252.729 252.735 252.638 252.991 252.932 252.840 
Invar I 2 3 4 5 6 7 8 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
252.473 252.800 #VALUE! 252.609 252.374 252.472 252.334 252.459 252.479 
' 
• 
9 10 II 12 
2.515 lost lost lost 
2.460 lost lost lost 
3.144 lost lost lost 
strip strip strip strip 
reshore reshore reshore reshore 
9 10 II 12 
252.515 IIVALUEl #VALUE! II VALUE! 
252.460 IIV .ALUE! #VALUE! #VALUE! 
253.144 #VALUE! IIVALUE! /I VALUE! 
9 10 II 12 
0.000 0.000 0.000 0.000 
0.001 0.001 0.001 0.001 
0.002 0.002 0.002 0.002 
252.515 #V.ALUE! #VALUE! #VALUE! 
...... 
00 
--l 
29-May-95 
31-May-95 
Temp. Correction 
Coeff. Thermal Exp. 
Temperature Change 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
Temp. Correction 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
New Reading 
29-May-95 
31-May-95 
Shoring Loads 
A = shore area 
E = elastic modulus 
L = gauge length 
e = extension - 0 
29-May-95 
31-May-95 
Shore Load - 0 
29-May-95 
31-May-95 
Adjusted Shore Loads 
26-May-95 
29-May-95 
31-May-95 
Slab Load Ratios 
252.473 
252.473 
~ 
252.731 #VALUE! 
252.768 #VALUE! 
I 2 
1.17E-05 1.17E-05 
0.000 0.000 
-3.900 -3.900 
-5.700 -5.700 
-21.100 -21.100 
-21.100 -21.100 
0.000 #VALUE! 
-0.012 #VALUE! 
-0.017 #VALUE! 
-0.062 #VALUE! 
-0.062 #VALUE! 
252.800 #VALUE! 
252.743 #VALUE! 
252.785 #VALUE! 
I 2 
641.000 641.000 
2.00E+05 2.00E+05 
252.800 IIVALUE! 
0.000 #VALUE! 
-0.057 #VALUE! 
-0.015 #VALUE! 
0.000 IIVALUE! 
-29.142 IIVALUE! 
-7.678 #VALUE! 
I 2 
0.000 #VALUE! 
-29.142 #VALUE! 
-7.678 IIVALUE! 
252.559 252.331 252.416 
252.731 252.737 252.640 
3 4 5 
1.17E-05 1.17E-05 1.17E-05 
0.000 0.000 0.000 
-3.900 -3.900 -3.900 
-5.700 -5.700 -5.700 
-21.100 -21.100 -21.100 
-21.100 -21.100 -21.100 
0.000 0.000 0.000 
-0.012 -0.012 -0.012 
-0.017 -0.017 -0.017 
-0.062 -0.062 -0.062 
-0.062 -0.062 -0.062 
252.609 252.374 252.472 
252.571 252.343 252.428 
252.748 252.754 252.657 
3 4 5 
641.000 641.000 641.000 
2.00E+05 2.00E+05 2.00E+05 
252.609 252.374 252.472 
0.000 0.000 0.000 
-0.038 -0.031 -0.044 
0.139 0.380 0.185 
0.000 0.000 0.000 
-19.525 -15.993 -22.586 
70.465 192.945 93.857 
3 4 5 
0.000 0.000 0.000 
-19.525 -15.993 -22.586 
70.465 192.945 93.857 
252.291 252.411 252.426 252.461 #VALUE! #VALUE! #VALUE! 
252.993 252.934 252.842 253.146 #VALUE! #VALUE! #VALUE! 
6 7 8 9 10 II 12 
1.17E-05 1.17E-05 1.17E-05 1.17E-05 l.l7E-05 1.17E-05 1.17E-05 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-3.900 -3.900 -3.900 -3.900 -3.900 -3.900 -3.900 
-5.700 -5.700 -5.700 -5.700 -5.700 -5.700 -5.700 
-21.100 -21.100 -21.100 -21.100 -21.100 -21.100 -21.100 
-21.100 -21.100 -21.100 -21.100 -21.100 -21.100 -21.100 
0.000 0.000 0.000 0.000 #VALUE! #VALUE! #VALUE! 
-0.012 -0.012 -0.012 -0.012 #VALUE! #VALUE! #VALUE! 
-0.017 -0.017 -0.017 -0.017 #VALUE! #VALUE! #VALUE! 
-0.062 -0.062 -0.062 -0.062 #VALUE! #VALUE! #VALUE! 
-0.062 -0.062 -0.062 -0.062 IIV ALUEI #VALUE! #VALUE! 
252.334 252.459 252.479 252.515 #VALUE! IIV ALUE! #VALUE! 
252.303 252.423 252.438 252.473 #VALUE! #VALUE! #VALUE! 
253.010 252.951 252.859 253.163 #VALUE! #VALUE! #VALUE! 
6 7 8 9 10 II 12 
641.000 641.000 641.000 641.000 641.000 641.000 641.000 
2.00E+05 2.00E+05 2.00H05 2.00E+05 2.00E+05 2.00E+05 2.00£+05 
252.334 252.459 252.479 252.515 #VALUE! #VALUE! II VALUE! 
0.000 0.000 0.000 0.000 IN ALUE! II VALUE! #VALUE! 
-0.031 -0.036 -O.D41 -0.042 #VALUE! #VALUE! IIVALUE! 
0.676 0.492 0.380 0.648 #VALUE! #VALUE! #VALUE! 
0.000 0.000 0.000 0.000 #VALUE! #VALUE! IIVALUE! 
-15.997 -18.525 -21.062 -21.566 #VALUE! #VALUE! #VALUE! 
343.359 249.757 192.868 328.904 #VALUE! #VALUE! IIVALUE! 
6 7 8 9 10 II 12 
0.000 0.000 0.000 0.000 #VALUE! #VALUE! #VALUE! 
-15.997 -18.525 -21.062 -21.566 #VALUE! #VALUE! #VALUE! 
343.359 249.757 192.868 328.904 #VALUE! #VALUE! IIVALUE! 
........ 
00 
00 
Slab Thickness 1 
Slab Area 1 
Slab Thickness 2 
Slab Area 2 
Load 
Load Ratios 
26-May-95 
29-May-95 
31-May-95 
Average 
"Ratio 
-0.765 
-0.048 
1&0.000 180.000 
1.700 0.000 
350.000 350.000 
3.000 0.000 
-31.926 0.000 
0.000 IIVALUE! 
-0.913 IIVALUE! 
-0.241 IIVALUE! 
180.000 180.000 180.000 
5.400 1.233 1.573 
350.000 350.000 350.000 
0.000 2.175 2.775 
-22.885 -23.148 -29.533 
0.000 0.000 0.000 
-0.853 -0.691 -0.765 
0.000 0.000 0.000 
180.000 180.000 180.000 180.000 180.000 180.000 180.000 
5.500 5.805 6.463 5.940 0.000 0.000 0.000 
350.000 350.000 350.000 350.000 350.000 350.000 350.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-23.309 -24.601 -27.390 -25.173 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 #VALUE! #VALUE! #VALUE! 
-0.686 -0.753 -0.769 -0.857 #VALUE! #VALUE! II VALUE! 
0.000 0.000 0.000 0.000 #VALUE! #VALUE! #VALUE! 
....... 
00 
\0 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
·Strike 
Raw Data 
Reading 0 -ZERO 
Reading I 
Reading 2 
Reading 3 
Reading4 
Reading 5 
21-Apr-95 
24-Apr-95 
28-Apr-95 
9-May-95 
11-May-95 
15-May-95 
Slab Load Ratios 
Load Ratios 
21-Apr-95 
24-Apr-95 
28-Apr-95 
9-May-95 
11-May-95 
15-May-95 
Table E.2 Full Scale Project Site Data- Mezzanine Level (Grids 7 to 8, prior to Ievell being poured) 
Mezzanine 
7 to 8 
; 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
21-Apr-95 18.5 18.5 18.5 Full 
24-Apr-95 19.2 19.2 19.2 Full 
28-Apr-95 17.5 17.5 17.5 Full 
9-May-95 15.4 15.4 15.4 Full 
11-May-95 15.3 15.3 15.3 Full 
15-May-95 16.0 16.0 16.0 Full 
lnvar I 2 3 4 5 6 7 8 9 
centre 
2.472 lost 2.452 2.620 2.440 2.462 2.333 2.466 2.474 2.511 
2.472 lost 2.440 2.609 2.425 2.453 2.324 2.450 2.463 2.501 
2.471 lost 2.448 2.617 2.432 2.457 2.328 2.460 2.470 2.505 
2.472 lost 2.432 2.594 2.408 2.437 2.307 2.434 2.450 2.485 
2.472 lost 2.428 2.597 2.414 2.440 2.312 2.438 2.452 2.488 
2.472 lost 2.445 2.615 2.432 2.454 2.328 2.458 2.465 2.503 
Average 
Ratio #VALUE! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.768 #VALUE! -0.776 -0.747 -0.744 -0.686 -0.711 -0.791 -0.813 -0.778 
-0.078 #VALUE! -0.003 0.000 -0.176 -0.065 -0.067 -0.090 -0.003 -0.132 
-0.960 #VALUE! -0.599 -0.962 -0.996 -0.982 -1.082 -1.000 -0.923 -1.085 
-0.796 #VALUE! -0.803 -0.774 -0.721 -0.777 -0.742 -0.812 -0.781 -0.873 
-0.048 #VALUE! 0.000 0.000 -0.027 -0.038 0.000 -0.027 -0.100 -0.040 
I 
. 
10 11 12 
2.455 2.421 2.404 
2.437 2.410 2.392 
2.449 2.415 2.398 
2.422 2.395 2.378 
2.425 2.398 2.380 
2.445 2.412 2.395 
0.000 0.000 0.000 
-0.812 -0.751 -0.838 
-0.083 -0.118 -0.122 
-0.965 -0.969 -1.003 
-0.831 -0.779 -0.867 
-0.106 -0.093 -0.096 
\0 
0 
Table E.3 Full Scale Project Site Data -Mezzanine Level (Grids 7 to 8, subsequent to Ievell being poured) 
Level Mezzanine 
Grids 7 to 8 
Poured ~ 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 - ZERO 26-May-95 21.1 21.1 21.1 Full 
Reading I 29-May-95 17.2 17.2 17.2 Full 
Reading 3 31-May-95 15.4 15.4 15.4 Full 
Reading 9 9-Jun-95 0.0 0.0 0.0 strip 
Reading II 14-Jun-95 0.0 0.0 0.0 reshore 
Invar 1 2 3 4 5 6 7 8 9 
26-May-95 2.473 2.800 lost 2.609 2.374 2.472 2.334 2.459 2.479 2.515 
29-May-95 2.472 2.730 lost 2.558 2.330 2.415 2.290 2.410 2.425 2.460 
31-May-95 2.471 2.766 lost 2.729 2.735 2.638 2.991 2.932 2.840 3.144 
9-Jun-95 strip strip strip strip strip strip strip strip strip strip 
14-Jun-95 reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore 
Slab Load Ratios 
Load Ratios Average 
26-May-95 Ratio 0.000 #VALUE! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
29-May-95 -0.765 -0.913 #VALUE! -0.853 -0.691 -0.765 -0.686 -0.753 -0.769 -0.857 
31-May-95 -0.048 -0.241 #VALUE! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
I 
I 
10 11 12 
lost lost lost 
lost lost lost 
lost lost lost 
strip strip strip 
reshore rcshore reshore 
#VALUE! #VALUE! #VALUE! 
IIVALUE! #VALUE! IIVALUE! 
#VALUE! #VALUE! IIVALUE! 
Table E.4 Full Scale Project Site Data- Boulevard Level (Grids 7 to 8, prior to Ievell being poured) 
Level Boulevard 
Grids 7 to 8 
Poured 
"" Initial Stress 
Final Stress 
Strike 
Raw Data 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 -ZERO 9-May-95 17.2 17.2 17.2 Full 
Reading I 11-May-95 16.6 16.6 16.6 Full 
Reading 2 15-May-95 16.7 16.7 16.7 Full 
Invar I 2 3 4 5 6 7 8 9 10 II 12 
,..... 
\0 
,..... 
centre 
9-May-95 2.472 2.378 2.510 2.440 2.420 2.444 2.385 2.436 2.285 lost lost lost lost 
11-May-95 2.472 2.333. 2.487 2.420 2.365 2.413 2.363 2.405 2.264 lost lost lost lost 
15-May-95 2.471 2.371 2.508 2.437 2.417 2.440 2.382 2.433 2.281 lost lost lost lost 
Slab Load Ratios 
Load Ratios Average 
9-May-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #VALUE! #VALUE! #VALUE! II VALUE! 
11-May-95 -0.791 -0.782 -0.817 -0.749 -0.760 -0.809 -0.860 -0.788 -0.765 #VALUE! #VALUE! #VALUE! #VALUE! 
15-May-95 -0.031 -0.082 0.000 -0.021 -0.007 -0.042 -0.022 -0.014 -0.061 #VALUE! #VALUE! #VALUE! #VALUE! 
----------
........ 
\0 
N 
.. 
Table E.S Full Scale Project Site Data- Boulevard Level (Grids 7 to 8, subsequent to Ievell being poured) 
Level Boulevard 
Grids 7 to 8 
Poured 
Initial Stress 
" 
Final Stress 
Strike 
Raw Data 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 - ZERO 26-May-95 20.7 20.7 20.7 Full 
Reading 1 29-May-95 16.9 16.9 16.9 Full 
Reading 2 31-May-95 11.2 11.2 11.2 Full 
Reading 3 9-Jun-95 16.4 16.4 16.4 Full 
Reading4 14-Jun-95 13.2 13.2 13.2 Full 
Reading 5 15-Sep-95 7.4 7.4 7.4 Full 
Reading 6 20-Sep-95 5.8 5.8 5.8 Full 
Reading 7 22-Sep-95 0.0 strip 
Reading 8 30-Sep-95 0.0 reshore 
Invar 1 2 3 4 5 6 7 8 9 
centre 
26-May-95 2.474 lost 2.517 2.543 2.476 2.696 2.592 2.440 2.081 lost 
29-May-95 2.472 lost 2.485 2.511 2.360 2.650 2.562 2.400 2.045 lost 
31-May-95 2.471 lost 2.492 2.544 2.473 2.699 2.784 2.435 2.171 lost 
9-Jun-95 2.472 lost 2.578 2.561 2.477 2.701 2.592 2.419 2.062 lost 
14-Jun-95 2.471 lost 2.460 2.495 2.310 2.630 2.540 2.392 2.030 lost 
15-Sep-95 2.470 lost 2.455 2.482 2.350 2.629 2.535 2.370 2.020 lost 
20-Sep-95 2.473 lost 2.467 2.495 2.406 2.642 2.543 2.387 2.030 lost 
22-Sep-95 strip strip strip strip strip strip strip strip strip strip 
30-Sep-95 reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore 
Slab Load Ratios 
Load Ratios Average 
26-May-95 Ratio #VALUE! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #VALUE! 
29-May-95 -0.779 #VALUE! -0.705 -0.771 -0.727 -0.905 -0.712 -0.722 -0.908 #VALUE! 
3!-May-95 0.000 #VALUE! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #VALUE! 
9-Jun-95 -0.049 #VALUE! 0.000 0.000 0.000 0.000 0.000 -0.170 -0.172 #VALUE! 
14-Jun-95 -1.006 #VALUE! -1.196 -0.938 -0.996 -1.128 -1.139 -0.616 -1.031 #VALUE! 
15-Sep-95 -0.668 #VALUE! -0.703 -0.727 -0.585 -0.654 -0.581 -0.720 -0.708 #VALUE! 
l.?_o-Sep-95 -0.194 #VALUE! -0.187 -0.122 -0.177 -0.247 -0.168 -0.215 -0.241 #VALUE! 
lO II 12 
lost lost lost 
lost lost lost 
lost lost lost 
lost lost lost 
lost lost lost 
lost lost lost 
lost lost lost 
strip strip strip 
reshore rcshore reshore 
#VALUE! #VALUE! #VALUE! 
#VALUE! #VALUE! #VALUE! 
#VALUE! #VALUE! #VALUE! 
#VALUE! #VALUE! #VALUE! 
#VALUE! #VALUE! #VALUE! 
#VALUE! #VALUE! #VALUE! 
IIVALUEI II VALUE! #VALUE! 
....... 
1.0 
w 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading 1 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
Reading 9 
Reading 10 
Reading 11 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
8-Jul-95 
Slab Load Ratios 
Load Ratios 
1 
7 to 8 
28-May-95 
.. 29-May-95 
3-Jun-95 
Date 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
8-Ju1-95 
17-Jul-95 
Average 
Table E.6 Full Scale Project Site Data- Levell (Grids 7 to 8) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
19.9 19.9 19.9 Full 
18.6 18.6 18.6 Full 
9.8 9.8 9.8 Full 
16.2 16.2 16.2 Full 
8.4 8.4 8.4 Full 
7.8 7.8 7.8 Full 
2.8 2.8 2.8 Full 
12.8 12.8 12.8 Full 
12.6 12.6 12.6 Full 
5.9 5.9 5.9 Full 
14.3 14.3 14.3 Full 
0.0 strip 
reshore 
Jnvar 1 2 3 4 5 6 7 8 9 10 II 12 
centre 
2.471 2.476 2.491 2.379 2.469 2.469 lost 2.366 2.420 2.276 2.453 2.534 2.295 
2.472 2.469 2.474 2.361 2.452 2.450 lost 2.350 2.393 2.279 2.432 2.510 2.270 
2.468 2.463 2.484 2.371 2.451 2.449 lost 2.510 2.400 2.438 2.454 2.500 2.260 
2.470 2.475 2.482 2.370 2.458 2.469 lost 2.420 2.482 2.434 2.502 2.563 2.271 
2.471 2.425 2.440 2.325 2.419 2.419 lost 2.316 2.370 2.210 2.403 2.480 2.240 
2.472 2.422 2.445 2.330 2.420 2.421 lost 2.320 2.370 2.220 2.400 2.470 2.256 
2.473 2.420 2.435 2.322 2.410 2.413 lost 2.309 2.363 2.215 2.397 2.475 2.240 
2.472 2.474 2.473 2.360 2.444 2.466 lost 2.340 2.409 2.280 2.444 2.520 2.270 
2.474 2.460 2.487 2.369 2.461 2.482 lost 2.345 2.412 2.272 2.439 2.515 2.268 
2.472 2.427 2.445 2.330 2.420 2.425 lost 2.318 2.375 2.225 2.435 2.470 2.262 
2.472 2.458 2.489 2.357 2.464 2.486 lost 2.335 2.428 2.282 2.446 2.483 2.271 
strip strip strip strip strip strip strip strip strip strip strip strip strip 
........ 
'() 
.p.. 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
Ratio 
~ 
0.000 
-0.780 -0.170 
-0.015 0.000 
-0.055 0.000 
-0.935 -0.698 
-0.773 -0.789 
-0.431 -0.307 
-0.070 0.000 
-0.052 0.000 
-0.356 -0.354 
-0.307 -0.101 
0.000 0.000 0.000 0.000 #VALUE! 
-0.900 -0.786 -0.561 -0.993 #VALUE! 
0.000 0.000 0.000 0.000 #VALUE! 
0.000 0.000 0.000 0.000 #V ALUEI 
-1.082 -1.039 -0.635 -0.985 #VALUE! 
-0.715 -0.740 -0.565 -0.815 #VALUE! 
-0.476 -0.441 -0.415 -0.460 #VALUE! 
0.000 0.000 -0.199 0.000 #VALUE! 
0.000 0.000 0.000 0.000 #VALUE! 
-0.359 -0.449 -0.342 -0.224 #VALUE! 
0.000 -0.335 0.000 0.000 #VALUE! 
0.000 0.000 0.000 0.000 0.000 0.000 
-0.701 -1.304 0.000 -1.046 -1.015 -1.105 
0.000 0.000 0.000 0.000 -0.056 -0.109 
0.000 0.000 0.000 0.000 0.000 -0.602 
-0.855 -0.866 -1.191 -0.924 -0.960 -1.050 
-0.601 -0.824 -0.791 -1.052 -1.403 -0.214 
-0.453 -0.459 -0.466 -0.432 -0.502 -0.325 
-0.322 0.000 0.000 0.000 0.000 -0.251 
-0.130 0.000 0.000 0.000 -0.021 -0.421 
-0.408 -0.251 -0.397 0.000 -1.134 0.000 
-0.824 0.000 0.000 0.000 -1.700 -0.422 
....... 
1.0 
V\ 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 -ZERO 
Reading I 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
8-Jul-95 
17-Jul-95 
Slab Load Ratios 
Load Ratios 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
2 
7 to 8 
~ I4~Jun-95 
15-Jun-95 
22-Jun-95 
8-Jul-95 
Date 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
8-Jul-95 
17-Jul-95 
Average 
Ratio 
-0.775 
-0.645 
-0.050 
-0.067 
-0.661 
Table E.7 Full Scale Project Site Data- Level2 (Grids 7 to 8) 
Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
22.1 22.1 22.1 Full 
11.9 11.9 11.9 Full 
0.0 0.0 0.0 Full 
12.6 12.6 12.6 Full 
9.6 9.6 9.6 Full 
6.3 6.3 6.3 Full 
16.1 16.1 16.1 strip 
0.0 strip 
0.0 reshore 
lnvar I 2 3 4 5 6 7 
2.472 2.754 2.589 2.435 2.435 2.444 2.433 2.423 
2.471 2.708 2.550 2.400 2.395 2.405 2.390 2.380 
2.472 2.675 2.516 2.367 2.363 2.373 2.360 2.348 
2.470 2.750 2.557 2.404 2.409 2.415 2.519 2.473 
2.474 2.711 2.557 removed 2.443 2.415 2.515 2.489 
2.473 2.694 2.535 removed 2.382 2.393 2.378 2.368 
strip strip strip strip strip strip strip strip 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.758 -0.731 -0.711 -0.813 -0.863 -0.845 -0.882 
-0.697 -0.715 -0.500 -0.616 -0.628 -0.550 -0.723 
0.000 -0.179 -0.173 0.000 0.000 0.000 0.000 
-0.411 0.000 #VALUE! 0.000 0.000 0.000 0.000 
-0.730 -0.773 #VALUE! -0.672 -0.585 -0.664 -0.694 
8 9 10 II 12 
2.082 2.434 2.491 2.554 2.392 
2.040 2.386 2.447 2.513 2.350 
2.005 2.355 2.415 2.480 2.317 
2.050 2.405 2.461 2.529 2.360 
2.058 2.392 2.457 2.534 2.359 
2.025 2.374 2.435 2.500 2.338 
strip strip strip strip strip 
strip strip strip strip strip 
reshore reshore resnore reshore reshore 
0.000 0.000 0.000 0.000 0.000 
-0.632 -0.785 -0.766 -0.734 -0.777 
-0.685 -0.639 -0.638 -0.647 -0.696 
-0.115 0.000 0.000 0.000 -0.139 
0.000 -0.329 0.000 0.000 0.000 
-0.660 -0.667 -0.615 -0.619 -0.596 
....... 
'() 
0\ 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading I 
Reading2 
Reading 3 
Reading4 
Reading 8 
Reading 9 
Reading 10 
Reading II 
1-Jul-95 
5-Jul-95 
6-Jul-95 
8-Ju1-95 
10-Jul-95 
17-Jul-95 
18-Jul-95 
20-Jul-95 
22-Jul-95 
Slab Load Ratios 
Load Ratios 
1-Jul-95 
5-Jul-95 
6-Jul-95 
3 
7 to 8 
.,. 4-Jul-95 
5-Jul-95 
8-Jul-95 
9-Aug-95 
Date 
1-Jul-95 
5-Jul-95 
6-Jul-95 
8-Jul-95 
10-Jul-95 
17-Jul-95 
18-Jul-95 
20-Jul-95 
22-Jul-95 
Average 
Ratio 
-0.816 
-0.714 
Table E.8 Full Scale Project Site Data - Level3 (Grids 7 to 8) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
14.4 14.4 14.4 Full 
8.4 8.4 8.4 Full 
16.2 16.2 16.2 Full 
10.5 10.5 10.5 strip 
14.1 14.1 14.1 strip 
0.0 0.0 0.0 strip 
0.0 0.0 0.0 reshore 
0.0 0.0 0.0 reshore 
0.0 0.0 0.0 reshore 
lnvar I 2 3 4 5 6 7 
2.472 2.467 2.557 2.581 2.494 2.569 2.433 2.524 
2.473 2.445 2.533 2.555 2.470 2.543 2.405 2.492 
2.473 2.470 2.552 2.580 2.494 2.565 2.428 2.518 
strip strip strip strip strip strip strip strip 
strip strip strip strip strip strip strip strip 
strip strip strip strip strip strip strip strip 
reshore reshore reshore res bore reshore reshore reshore reshore 
reshore reshore reshore reshore reshore reshore reshore reshore 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.793 -0.523 -0.811 -0.950 -0.672 -0.708 -0.833 
-0.498 -0.814 -0.640 -0.825 -0.748 -0.710 -0.672 
8 9 10 II 12 
centre 
2.391 2.516 2.432 2.424 2.257 
2.365 2.495 2.410 2.377 2.227 
2.385 2.519 2.432 2.418 2.250 
strip Strip strip strip strip 
strip strip strip strip strip 
strip strip strip strip strip 
reshore reshore reshore reshore reshore 
reshore reshore reshore reshore reshore 
reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 
-0.586 -0.788 -0.703 -1.674 -0.746 
-0.777 -0.612 -0.841 -0.681 -0.747 
....... 
\,() 
-..j 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 -ZERO 
Reading I 
Reading 3 
Reading 5 
Reading 7 
Reading 8 
Reading 9 
Reading !0 
Reading 11 
15-Jul-95 
17-Jul-95 
20-Jul-95 
22-Jul-95 
27-Jul-95 
28-Jul-95 
2-Aug-85 
5-Aug-95 
8-Aug-95 
Slab Load Ratios 
Load Ratios 
15-Jul-95 
17-Jul-95 
20-Jul-95 
22-Jul-95 
27-Jul-95 
28-Jul-95 
4 
7 to 8 
;:: 15-Jul-95 
17-Jul-95 
2-Jan-00 
23-Aug-95 
Date 
15-Jul-95 
17-Jul-95 
20-Jul-95 
22-Ju1-95 
27-Jul-95 
28-Jul-95 
2-Aug-85 
5-Aug-95 
8-Aug-95 
Average 
Ratio 
-0.508 
-0.620 
-0.085 
-0.893 
-0.704 
Table E.9 Full Scale Project Site Data- Level4 (Grids 7 to 8) 
Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
!0.4 10.4 10.4 Full 
18.7 18.7 18.7 Full 
13.2 13.2 13.2 Full 
19.7 19.7 19.7 Full 
15.2 15.2 15.2 Full 
18.7 18.7 18.7 Full 
0.0 reshore 
0.0 reshore 
0.0 reshore 
lnvar I 2 3 4 5 6 7 
2.473 2.566 2.457 2.624 2.327 2.442 2.586 2.523 
2.473 2.581 2.470 2.630 2.357 2.460 2.624 2.538 
2.461 2.550 2.440 lost 2.315 2.432 2.596 2.510 
2.461 2.600 2.470 lost 2.341 2.455 2.633 2.535 
2.462 2.560 2.442 lost 2.309 2.432 2.560 2.577 
2.465 2.567 2.467 lost lost lost lost lost 
reshore reshore reshore reshore reshore reshore reshore res bore 
reshore reshore res bore reshore reshore res bore reshore reshore 
reshore reshore reshore reshore reshore res bore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.453 -1.047 -1.098 0.000 -0.554 0.000 -0.587 
-0.584 -1.207 #VALUE! -0.5!5 -0.533 0.000 -0.572 
0.000 -0.225 #VALUE! -0.091 -0.2!0 0.000 -0.214 
-0.437 -1.653 #VALUE! -1.320 -!.!21 -1.966 0.000 
-0.738 -0.593 #VALUE! #VALUE! #VALUE! IIVALUE! #VALUE! 
-----
8 9 10 11 12 
centre: 
2.065 2.428 1.861 2.499 lost 
2.080 2.445 lost 2.515 lost 
2.050 2.403 lost 2.485 lost 
2.080 2.450 lost 2.518 lost 
2.080 2.415 lost 2.489 lost 
2.070 2.422 lost 2.506 lost 
reshore reshore reshore reshorc rcshon: 
reshore res bore reshore reshore reshore 
reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 #VALUE! 
-0.477 -0.345 #VALUE! -0.517 #VALUE! 
-0.567 -0.977 #VALUE! -0.624 #VALUE! 
-0.022 0.000 #VALUE I 0.000 IIVALUE! 
0.000 -0.743 #VALUE! -0.800 IIVALUE! 
-0.578 -1.034 IIVALUEI -0.578 #VALUE! 
-----
....... 
\0 
00 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading 1 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
27-Ju1-95 
28-Jul-95 
2-Aug-95 
5-Aug-95 
8-Aug-95 
9-Aug-95 
Slab Load Ratios 
Load Ratios 
27-Jul-95 
28-Jul-95 
2-Aug-95 
5-Aug-95 
5 
7 to 8 
, 27-Jul-95 
28-Jul-95 
2-Aug-95 
30-Aug-95 
Date 
27-Jul-95 
28-Ju1-95 
2-Aug-95 
5-Aug-95 
8-Aug-95 
9-Aug-95 
Average 
R!ltio 
-0.780 
-0.091 
-0.764 
Table E.lO Full Scale Project Site Data- Level 5 (Grids 7 to 8) 
Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
14.8 14.8 14.8 Full 
19.6 19.6 19.6 Full 
12.6 12.6 12.6 Full 
11.9 11.9 11.9 Full 
0.0 strip 
0.0 reshore 
lnvar I 2 3 4 5 6 7 
2.462 2.185 2.510 2.455 2.557 2.424 2.589 2.586 
2.463 2.184 2.515 2.465 2.560 2.435 2.593 2.590 
2.463 2.358 2.555 2.461 2.556 2.504 2.627 2.580 
2.463 2.161 2.495 2.440 2.535 lost 2.578 2.570 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.757 -0.870 -0.582 -0.771 -0.617 -1.970 -1.133 
0.000 0.000 0.000 0.000 0.000 0.000 -0.050 
-0.770 -0.635 -0.835 -0.913 #VALUE! -0.604 -0.854 
8 9 10 11 12 
centre 
2.419 2.555 2.477 2.435 2.236 
2.439 2.550 2.476 2.453 2.239, 
2.411 2.531 lost 2.446 2.534' 
2.400 2.541 lost 2.406 2.216 
strip strip strip strip strip 
reshore reshore reshore reshore reshorc 
0.000 0.000 0.000 0.000 0.000 
0.000 -0.892 -1.031 0.000 -0.735 
-0.132 -0.817 #VALUE! 0.000 0.000 
-0.602 -0.284 #VALUE! -1.392 -0.752 
........ 
\!) 
\!) 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading I 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
5-Aug-95 
8-Aug-95 
9-Aug-95 
10-Aug-95 
11-Aug-95 
12-Aug-95 
16-Aug-95 
18-Aug-95 
23-Aug-95 
Slab Load Ratios 
Load Ratios 
5-Aug-95 
8-Aug-95 
9-Aug-95 
10-Aug-95 
11-Aug-95 
12-Aug-95 
,16-Aug-95 
6 
7 to 8 
5-Aug-95 
~ 7-Aug-95 
9-Aug-95 
12-Sep-95 
Date 
5-Aug-95 
8-Aug-95 
9-Aug-95 
10-Aug-95 
11-Aug-95 
12-Aug-95 
16-Aug-95 
18-Aug-95 
23-Aug-95 
Average 
Ratio 
-0.490 
-0.052 
-0.058 
-1.065 
-1.212 
-0.746 
Table E.ll Full Scale Project Site Data- Level 6 (Grids 7 to 8) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
11.5 11.5 11.5 Full 
7.8 7.8 7.8 Full 
9.6 9.6 9.6 Full 
9.5 9.5 9.5 Full 
11.3 11.3 11.3 Full 
18.6 18.6 18.6 Full 
16.4 16.4 16.4 Full 
0.0 strip 
0.0 reshore 
Invar 1 2 3 4 5 6 7 
2.463 2.380 2.422 2.408 2.530 2.805 2.467 2.435 
2.462 2.357 2.402 2.380 2.515 lost 2.444 2.416 
2.463 2.484 2.421 2.433 2.525 lost 2.458 2.428 
2.464 2.420 2.420 2.507 2.532 lost 2.459 2.427 
2.465 2.304 2.422 2.491 2.537 lost 2.483 2.432 
2.464 2.349 2.439 2.477 2.522 lost 2.511 2.479 
2.463 2.380 2.423 2.404 2.552 lost 2.470 2.430 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.542 -0.418 -0.630 -0.610 #VALUE! -0.701 -0.360 
0.000 0.000 0.000 0.000 #VALUE! -0.214 -0.071 
0.000 0.000 0.000 0.000 #VALUE! -0.196 -0.157 
-3.787 -0.073 0.000 0.000 #VALUE! 0.000 -0.224 
-2.591 -0.257 0.000 -5.957 #VALUE! 0.000 0.000 
-0.708 -0.698 -0.724 0.000 #VALUE! -0.726 -0.991 
8 9 10 II 12 
centr~ 
2.408 2.663 2.417 2.562 2.490 
2.388 2.649 2.396 2.540 2.469 
2.400 2.663 2.445 2.554 2.484 
2.400 2.660 2.448 2.555 2.485 
2.396 2.617 2.413 2.560 2.439 
2.412 2.760 2.477 2.568 2.468 
2.405 2.666 2.410 2.561 2.492 
strip strip strip strip strip 
reshore reshore reshor~ reshor~ reshore 
0.000 0.000 0.000 0.000 0.000 
-0.379 -0.147 -0.408 -0.656 -0.545 
-0.112 0.000 0.000 -0.155 -0.023 
-0.145 0.000 0.000 -0.136 -0.006 
-0.630 -3.389 -0.243 -0.222 -3.148 
-0.844 0.000 0.000 -1.041 -2641 
-0.820 -0.821 -0.965 -1.008 -0.749 
N 
0 
0 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading I 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
16-Aug-95 
18-Aug-95 
23-Aug-95 
25-Aug-95 
26-Aug-95 
28-Aug-95 
29-Aug-95 
30-Aug-95 
2-Sep-95 
Slab Load Ratios 
Load Ratios 
16-Allg-95 
18-Aug-95 
23-Aug-95 
25-Aug-95 
26-Aug-95 
28-Aug-95 
29-Aug-95 
7 
7 to 8 
16-Aug-95 
~.18-Aug-95 
23-Aug-95 
23-Sep-95 
Date 
16-Aug-95 
18-Aug-95 
23-Aug-95 
25-Aug-95 
26-Aug-95 
28-Aug-95 
29-Aug-95 
30-Aug-95 
2-Sep-95 
Average 
Ratio 
-0.532 
-0.596 
-0.073 
-0.420 
-0.706 
-0.511 
Table E.l2 Full Scale Project Site Data -Level 7 (Grids 7 to 8) 
Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
16.6 16.6 16.6 Full 
14.3 14.3 14.3 Full 
17.6 17.6 17.6 Full 
18.4 18.4 18.4 Full 
18.4 18.4 18.4 Full 
18.1 18.1 18.1 Full 
16.3 16.3 !6.3 Full 
0.0 strip 
0.0 reshore 
Invar I 2 3 4 5 6 7 
2.462 2.333 2.263 2.479 2.485 2.497 2.435 2.519 
2.464 2.318 2.245 2.471 2.477 2.490 2.420 2.503 
2.464 2.328 2.255 2.481 2.485 2.500 2.429 2.511 
2.466 2.388 2.296 2.499 2.493 2.521 2.440 2.524 
2.464 2.390 2.290 2.509 2.484 2.511 2.398 2.532 
2.462 2.321 2.252 2.480 2.485 2.495 2.420 2.519 
2.464 2.325 2.254 2.478 2.483 2.492 2.426 2.508 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.491 -0.662 -0.654 -0.574 -0.195 -0.528 -0.509 
-0.478 -0.649 -0.602 -0.886 -0.173 -0.566 -0.588 
0.000 0.000 0.000 -0.236 0.000 -0.223 -0.!96 
0.000 0.000 0.000 -1.488 0.000 -2.291 0.000 
-0.790 -0.774 -0.700 -0.793 -0.569 -1.004 -0.201 
-0.438 -0.507 -0.431 -0.557 -0.541 -0.523 -0.550 
------·-·-·- ------·--
8 9 10 II 12 
centre 
2.619 2.450 2.247 lost lost 
2.604 2.440 2.233 lost lost 
2.608 2.450 2.242 lost lost 
removed 2.474 2.274 lost lost 
removed 2.476 2.275 lost lost 
removed 2.448 2.239 lost lost 
removed 2.447 2.239 lost lost 
strip strip strip strip strip 
reshore reshore reshore reshore reshore 
0.000 0.000 0.000 IIVALUEI #VALUE! 
-0.521 -0.631 -0.555 #VALUE! #VALUE! 
-0.814 -0.600 -o.600 #VALUE! #VALUE! 
#VALUE! 0.000 0.000 IIVALUE! #VALUE! 
#VALUE! 0.000 0.000 II VALUE! #VALUE! 
#VALUE! -0.779 -0.749 #VALUE! #VALUE! 
#VALUE! -0.498 -0.549 IIVALUEI #VALUE! 
N 
0 
...... 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading I 
Reading 2 
Reading 4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
Reading 9 
28-Aug-95 
29-Aug-95 
30-Aug-95 
2-Sep-95 
5-Sep-95 
6-Sep-95 
7-Sep-95 
8-Sep-95 
12-Sep-95 
Slab Load Ratios 
Load Ratios 
28-Aug-95 
29-Aug-95 
30-Aug-95 
2-Sep-95 
5-Sep-95 
6-Sep-95 
7-Sep-95 
8 
7 to 8 
28-Aug-95 
,.29-Aug-95 
4-Sep-95 
13-0ct-95 
Date 
28-Aug-95 
29-Aug-95 
30-Aug-95 
2-Sep-95 
5-Sep-95 
6-Sep-95 
7-Sep-95 
8-Sep-95 
12-Sep-95 
Average 
Ratio 
-0.744 
-0.512 
-0.556 
-0.072 
-0.726 
-0.573 
Table E.13 Full Scale Project Site Data -Level 8 (Grids 7 to 8) 
Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
18.0 18.0 18.0 Full 
16.7 16.7 16.7 Full 
15.3 15.3 15.3 Full 
20.5 20.5 20.5 Full 
16.7 16.7 16.7 Full 
10.0 10.0 10.0 Full 
9.3 9.3 9.3 Full 
0.0 strip 
0.0 reshore 
lnvar I 2 3 4 5 6 7 
2.465 2.385 2.487 2.535 2.459 2.565 2.416 2.366 
2.463 2.370 2.469 2.515 2.448 2.557 2.409 2.350 
2.465 2.371 2.470 2.517 2.447 2.556 2.407 2.352 
2.464 2.420 2.470 2.521 2.493 2.570 2.421 2.365 
2.465 2.410 2.470 2.550 2.492 2.779 2.423 2.400 
2.465 2.353 2.451 2.497 2.430 2.539 2.391 2.335 
2.466 2.353 2.453 2.496 2.431 2.539 2.390 2.335 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.791 -0.734 -0.786 -0.734 -0.744 -0.511 -0.900 
-0.520 -0.545 -0.556 -0.573 -0.352 -0.452 -0.534 
0.000 -1.412 -1.132 0.000 -0.478 -0.609 -0.654 
0.000 -0.795 0.000 0.000 0.000 0.000 0.000 
-0.723 -0.747 -0.797 -0.764 -0.813 -0.605 -0.653 
-0.631 -0.561 -0.794 -0.470 -0.445 -0.576 -0.559 
8 9 10 II 12 
centre 
2.490 2.426 2.440 2.643 2.565 
2.469 2.406 2.428 2.630 2.548 
2.472 2.407 2.428 2.630 2 549 
2.493 2.420 lost 2.644 2.563 
2.495 2.432 lost 2.711 2.585 
2.450 2.390 lost 2.612 2.530 
2.454 2.390 lost 2.612 2.532 
strip strip strip strip strip 
reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 
-0.784 -0.656 -0.856 -0.691 -0.745 
-0.518 -0.511 -0.559 -0.485 -0.535 
-0.175 -0.574 #VALUE! -0.520 -0.560 
0.000 0.000 #VALUE! 0.000 0.000 
-0.846 -0.573 #VALUE! -0.710 -0.758 
-0.584 -0.524 #VALUE! -0.607 -0.553 
N 
0 
N 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading I 
Reading 2 
Reading 4 
Reading 5 
Reading 7 
Reading 8 
Reading 9 
6-Sep-95 
7-Sep-95 
8-Sep-95 
12-Sep-95 
13-Sep-95 
15-Sep-95 
16-Sep-95 
21-Sep-95 
Slab Load Ratios 
Load Ratios 
6-Sep-95 
7-Sep-95 
&-Sep-95 
12-Sep-95 
13-Sep-95 
15-Sep-95 
9 
7 to 8 
" 6-Sep-95 
7-Sep-95 
13-Sep-95 
? 
Date 
6-Sep-95 
7-Sep-95 
8-Sep-95 
12-Sep-95 
13-Sep-95 
15-Sep-95 
16-Sep-95 
21-Sep-95 
Average 
Ratio 
-0.731 
-0.594 
-0.689 
-0.097 
-0.750 
Table E.14 Full Scale Project Site Data - Level9 (Grids 7 to 8) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
10.7 10.7 10.7 Full 
9.6 9.6 9.6 Full 
15.5 15.5 15.5 Full 
15.8 15.8 15.8 Full 
15.5 15.5 15.5 Full 
17.8 17.8 17.8 Full 
0.0 strip 
0.0 reshore 
lnvar 1 2 3 4 5 6 7 
2.465 2.506 2.451 2.495 2.486 2.358 2.393 2.407 
2.466 2.490 2.439 2.486 2.480 2.353 2.439 2.370 
2.465 lost 2.455 2.504 2.498 2.370 2.475 2.387 
2.468 lost 2.459 lost 2.502 2.374 2.475 2.390 
2.465 lost 2.470 lost lost 2.419 2.501 2.415 
2.465 lost 2.463 lost lost 2.375 2.519 2.405 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.654 -0.780 -0.722 -0.789 -0.773 0.000 -1.743 
#VALUE! -0.814 -0.554 -0.458 -0.610 0.000 -1.714 
#VALUE! -0.805 #VALUE! -0.434 -0.578 0.000 -1.759 
#VALUE! 0.000 #VALUE! #VALUE! 0.000 0.000 -0.310 
#VALUE! -0.717 #VALUE! #VALUE! -1.114 0.000 -1.152 
8 9 10 11 12 
centre 
2.558 2.449 2.459 2.237 lost 
2.532 2.450 2.445 2.222 lost 
2.552 2.491 2.468 2.242 lost 
2.555 lost 2.471 2.245 lost 
2.570 lost 2.470 2.250 lost 
2.546 lost 2.484 2.245 lost 
strip strip strip strip strip 
reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 #VALUE! 
-1.076 0.000 -0.743 -0.758 #VALUE!. 
-0.915 0.000 -0.327 -0.545 #VALUE! 
-0.955 IIVALUEI -0.383 -0.598 II VALUE! 
-0.099 #VALUE! -0.201 -0.069 #VALUE! 
-1.494 II VALUE! 0.000 -0.770 #VALUE! 
N 
0 
w 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 -ZERO 
Reading 1 
Reading 4 
Reading 7 
Reading 8 
Reading 10 
Reading 11 
14-Sep-95 
16-Sep-95 
21-Sep-95 
25-Sep-95 
26-Sep-95 
28,Sep-95 
30-Sep-95 
Slab Load Ratios 
Load Ratios 
14-Sep-95 
16-Sep-95 
21-Sep-95 
25-Sep-95 
26-Sep-95 
10 
7 to 8 
,. 15-Sep,95 
16-Sep-95 
25-Sep-95 
? 
Date 
14-Sep-95 
16-Sep-95 
21-Sep-95 
25-Sep-95 
26-Sep-95 
28-Sep-95 
30-Sep-95 
Average 
Ratio 
-0.752 
"0.612 
"0.045 
-0.782 
Table E.15 Full Scale Project Site Data- LevellO (Grids 7 to 8) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
17.0 17.0 17.0 Full 
19.8 19.8 19.8 Full 
19.7 19.7 19.7 Full 
21.0 21.0 21.0 Full 
16.3 16.3 16.3 Full 
0.0 strip 
0.0 Shored 
lnvar 1 2 3 4 5 6 7 
2.466 2.522 2.525 2.635 2.334 2.400 2.629 2.515 
2.465 2.547 2.516 2.635 2.338 2.402 2.631 2.535 
2.466 2.542 2.520 2.637 2.338 2.404 2.633 2.553 
2.466 2.560 2.535 2.645 2.361 2.446 2.731 2.567 
2.466 2.543 2.471 2.614 2.325 2.409 2.725 2.548 
strip strip strip strip strip strip strip strip 
strip strip strip strip strip strip strip strip 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 -0.818 -0.734 -0.798 -0.844 -0.844 0.000 
0.000 -0.653 -0.604 "0.971 "0.636 -0.637 0.000 
0.000 "0.091 -0.184 0.000 0.000 0.000 0.000 
0.000 -2.612 -1.910 -1.695 0.000 0.000 0.000 
8 9 !0 II \2 
c.:ntrc 
2.419 2.513 2.533 2.631 2.500 
2.4!0 2.513 2.532 2.615 2.494 
2.413 2.514 2.536 2.623 2.497 
2.425 2.525 2.547 2.653 2.534 
2.400 2.505 2.537 2.616 2.485 
strip strip strip strip strip 
strip strip strip strip strip 
0.000 0.000 0.000 0.000 0.000 
-0.735 -0.952 -0.981 -1.533 "0.7&8 
-0.632 -0.913 -0.590 -1.052 -0.652 
-0.263 0.000 0.000 0.000 0.000 
-0.765 -0.776 0.000 -0.851 -0.768 
N 
0 
..j:>.. 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading 2 
Reading 3 
Reading 5 
26-Sep-95 
28-Sep-95 
30-Sep-95 
4-Sep-95 
Slab Load Ratios 
Load Ratios 
26-Sep-95 
28-Sep-95 
30-Sep-95 
4-Sep-95 
11 
7 to 8 
~ 26-Sep-95 
27-Sep-95 
4-0ct-95 
? 
Date 
26-Sep-95 
28-Sep-95 
30-Sep-95 
4-Sep-95 
Average 
Ratio 
-0.730 
-0.535 
-0.061 
Table E.16 Full Scale Project Site Data - Levelll (Grids 7 to 8) 
I 
! 
Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
16.6 16.6 16.6 Full 
15.1 15.1 15.1 Full 
19.9 19.9 19.9 Full 
15.7 15.7 15.7 Full 
Invar I 2 3 4 5 6 7 8 9 10 II 12 
centre 
2.467 2.486 2.449 2.651 2.477 2.531 2.553 2.466 2.563 2.551 2.429 2.273 lost 
2.466 2.472 2.430 2.635 2.465 2.520 2.540 2.448 2.539 2.530 2.412 2.255 lost 
2.465 2.485 2.448 2.652 lost lost 2.555 2.465 2.555 lost 2.428 2.273 lost 
2.465 2.516 2.444 2.645 lost lost 2.549 2.460 2.558 lost 2.420 2.275 lost 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #VALUE! 
-0.424 -0.758 -0.797 -0.641 -0.761 -0.754 -0.650 -0.912 -0.807 -0.752 -0.777 II VALUE! 
-0.433 -0.489 -0.510 #VALUE! #VALUE! -0.573 -0.452 -0.774 #VALUE! -0.568 -0.478 #VALUE! 
0.000 -0.019 -0.101 #VALUE! #VALUE! 0.000 -0.069 -0.017 #VALUE! -0.282 0.000 #VALUE! 
N 
0 
V\ 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 -ZERO 
Reading I 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
21-Apr-95 
24-Apr-95 
28-Apr-95 
9-May-95 
11-May-95 
15-May-95 
Slab Load Ratios 
Load Ratios 
21-Apr-95 
24-Apr-95 
28-Apr-95 
9-May-95 
11-May-95 
15-May-95 
Table E.17 Full Scale Project Site Data- Mezzanine Level (Grids 9 to 10, prior to Ievell pour) 
Mezzanine 
9 to 10 
, 1-Jan-96 
1-Jan-96 
1-Jan-96 
1-Jan-96 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
21-Apr-95 18.0 18.0 18.0 Full 
24-Apr-95 18.8 18.8 18.8 Full 
28-Apr-95 17.7 17.7 17.7 Full 
9-May-95 15.2 15.2 15.2 Full 
11-May-95 15.0 15.0 15.0 Full 
15-May-95 16.1 16.1 16.1 Full 
Invar I 2 3 4 5 6 7 8 
centre 
2.471 2.810 2.503 2.444 2.446 2.501 2.480 2.225 2.325 
2.472 2.798 2.490 2.424 2.435 2.491 2.463 2.215 2.315 
2.472 2.810 2.502 2.446 2.447 2.500 2.479 2.221 2.323 
2.471 2.7&2 2.475 2.405 2.420 2.475 2.446 2.201 2.300 
2.471 2.785 2.477 2.415 2.424 2.478 2.450 2.203 2.304 
2.472 2.806 2.495 2.436 2.440 2.496 2.473 2.220 2.327 
Average 
Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.769 -0.755 -0.800 -0.799 -0.805 -0.744 -0.793 -0.778 -0.772 
-0.057 -0.006 -0.054 0.000 0.000 -0.062 -0.043 -0.240 -0.122 
-0.990 -0.969 -0.965 -1.051 -0.994 -0.987 -1.002 -0.916 -0.967 
-0.775 -0.793 -0.838 -0.689 -0.736 -0.787 -0.823 -0.765 -0.702 
-0.060 0.000 -0.166 -0.116 -0.078 -0.022 -0.093 -0.023 0.000 
' 
9 10 11 12 
2.334 2.455 2.650 2.224 
2.320 2.443 2.639 2.214 
2.333 2.460 2.648 2.224 
2.301 2.427 2.623 2.197 
2.305 2.431 2.626 2.201 
2.328 2.450 2.643 2.219 
0.000 0.000 0.000 0.000 
-0.702 -0.808 -0.750 -0.725 
-0.045 0.000 -0.110 -0.006 
-0.999 -1.038 -0.978 -1.017 
-0.814 -0.796 -0.790 -0.768 
-0.056 -0.020 -0.124 -0.021 
N 
0 
0\ 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading I 
Reading 3 
Re&ding 9 
Reading 11 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
Slab Load Ratios 
Load Ratios 
26-May-95 
29-May-95 
31-May-95 
Table E.18 Full Scale Project Site Data- Mezzanine Level (Grids 9 to 10, subsequent to Ievell pour) 
Mezzanine 
! 9 to 10 
r 1-Jan-96 
1-Jan-96 
1-Jan-96 
1-Jan-96 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
26-May-95 21.4 21.4 21.4 Full 
29-May-95 17.1 17.1 17.1 Full 
31-May-95 15.1 15.1 15.1 Full 
9-Jun-95 16.4 16.4 16.4 Full 
14-Jun-95 15.1 15.1 15.1 Full 
lnvar 1 2 3 4 5 6 7 8 9 10 11 12 
2.473 2.825 2.501 2.549 2.806 2.692 2.418 2.690 3.020 2.825 lost lost lost 
2.472 2.794 2.468 2.467 2.772 2.655 2.340 2.658 2.989 2.750 lost lost lost 
2.473 2.806 2.621 2.726 2.785 2.670 2.448 2.668 3.000 2.867 lost lost lost 
strip strip strip strip strip strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshorc 
Average 
Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #VALUE! #VALUE! IIVALUEI 
-0.748 -0.760 -0.741 -0.755 -0.793 -0.794 -0.795 -0.735 -0.606 -0.757 #VALUE! #VALUE! #VALUE! 
-0.045 -0.016 0.000 0.000 -0.093 -0.115 0.000 -0.136 -0.047 0.000 #VALUE! 1/VALUE! #VALUE! 
---------------------------------------
N 
0 
-...) 
Level 
Grids 
Poured 
Initial Stress 
Final.Stress 
Strilce 
Raw Data 
Reading 0 -ZERO 
Reading I 
Reading 2 
9-May-95 
11-May-95 
15-May-95 
S/11b Load Ratios 
Load Ratios 
9-May-95 
11-May-95 
15-May-95 
Table E.19 Full Scale Project Site Data- Boulevard Level (Grids 9 to 10, prior to Ievell pour) 
Boulevard 
9 to 10 
• 1-Jan-96 
1-Jan-96 
1-Jan-96 
1-Jan-96 
Date Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
9-May-95 17.0 ·n.o 17.0 Full 
11-May-95 16.5 16.5 16.5 Full' 
15-May-95 16.8 16.8 16.8 Full 
Invar 1 2 3 4 5 6 7 8 
centre 
2.471 2.325 2.546 2.444 2.545 2.332 2.510 2.440 2.430 
2.472 2.310 2.530 2.378 2.531 2.313 2.455 2.423 2.410 
2.472 2.326 2.545 2.441 2.550 2.330 2.508 2.439 2.427 
Average 
Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.795 -0.778 -0.617 -0.911 -0.773 -0.787 -0.713 -0.914 -0.801 
-0.051 0.000 -0.056 -0.047 0.000 -0.102 -0.031 -0.078 -0.140 
I 
I 
9 10 11 12 
2.412 2.325 2.110 lost I 
2.331 2.310 2.090 lost 
2.410 2.3:24 2.111 lost 
0.000 0.000 0.000 #VALUE! 
-0.796 -0.829 -0.831 #VALUE! 
-0.024 -0.080 0.000 II VALUE! 
N 
0 
00 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading I 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
15-Sep-95 
20-Sep-95 
22-Sep-95 
30-Sep-95 
Slab Load Ratios 
Load Ratios 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
15-Sep-95 
20-Sep-95 
Table E.20 Full Scale Project Site Data- Boulevard Level (Grids 9 to 10, subsequent to Ievell pour) 
Boulevard 
9 to 10 
1-Jan-96 
,, 1-Jan-96 
1-Jan-96 
1-Jan-96 
Date Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
26-May-95 20.7 20.7 20.7 Full 
29-May-95 17.2 17.2 17.2 Full 
31-May-95 11.9 11.9 11.9 Full 
9-Jun-95 16.1 16.1 16.1 Full 
14-Jun-95 10.2 10.2 10.2 Full 
15-Sep-95 7.6 7.6 7.6 Full 
20-Sep-95 4.6 4.6 4.6 Full 
22-Sep-95 0.0 strip 
30-Sep-95 0.0 reshore 
Invar I 2 3 4 5 6 7 8 9 10 II 12 
centre 
2.470 2.227 2.535 2.439 3.117 2.384 2.312 2.452 2.570 3.110 2.425 lost lost 
2.472 2.205 2.510 2.377 3.096 2.360 2.248 2.431 2.545 3.025 2.405 lost lost 
2.474 3.168 3.796 3.509 3.467 2.360 3.425 2.789 2.961 3.346 2.678 lost lost 
2.473 2.256 2.560 2.432 3.105 2.811 2.514 2.440 2.568 3.080 2.441 lost lost 
2.469 2.180 2.490 2.336 3.070 2.335 2.200 2.405 2.520 3.000 lost lost lost 
2.469 2.175 2.480 2.348 3.066 2.330 2.225 2.400 2.515 2.998 lost lost lost 
2.474 2.181 2.487 2.381 3.071 2.336 2.255 2.436 2.552 3.122 lost lost lost 
strip strip strip strip strip strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshort 
Average 
Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 IIVALUEI #VALUE! 
-0.761 -0.812 -0.736 -0.751 -0.799 -0.739 -0.733 -0.778 -0.759 -0.760 -0.740 IIVALUEI IIVALUE! 
-0.010 0.000 0.000 0.000 0.000 -0.095 0.000 0.000 0.000 0.000 0.000 IIVALUE! IIVALUE! 
-0.037 0.000 0.000 0.000 -0.087 0.000 0.000 -0.087 0.000 -0.192 0.000 #VALUE! IIVALUE! 
-0.863 -0.891 -0.574 -0.994 -0.942 -0.802 -1.054 -0.921 -0.818 -0.772 #VALUE! IIVALUE! #VALUE! 
-0.700 -0.733 -0.676 -0.718 -0.709 -0.676 -0.624 -0.756 -0.696 -0.716 IIVALUE! II VALUE! IIVALUE! 
-0.120 -0.148 -0.196 -0.202 -0.147 -0.210 -0.177 0.000 0.000 0.000 #VALUE! #VALUE! #VALUE! 
N 
0 
\0 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 -ZERO 
Reading I 
Reading 2 
Reading) 
Reading4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
Reading 9 
Reading 10 
Reading II 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
8-Jul-95 
Slab Locd Ratios 
,f_oad Ratios 
1 
9 to 10 
28-May-95 
,.,29-May-95 
3-Jun-95 
Date 
26-May-95 
29-May-95 
31-May-95 
9-Jun-95 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
8-Jul-95 
17-Jul-95 
Avera~e 
Table E.21 Full Scale Project Site Data- Levell (Grids 9 to 10) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
21.2 21.2 21.2 Full 
19.9 19.9 19.9 Full 
11.4 11.4 11.4 Full 
15.8 15.8 15.8 Full 
9.2 9.2 9.2 Full 
8.1 8.1 8.1 Full 
1.4 1.4 1.4 Full 
13.1 13.1 13.1 Full 
10.1 10.1 10.1 Full 
5.8 5.8 5.8 Full 
16.2 16.2 16.2 Full 
0.0 strip 
reshore 
lnvar I 2 3 4 5 6 7 8 9 10 II 12 
centre 
2.471 2.559 2.497 2.494 2.469 2.474 2.414 2.497 2.355 2.596 2.763 lost lost 
2.472 2.541 2.470 2.476 2.440 2.457 2.385 2.475 2.332 2.582 2.750 lost lost 
2.471 2.528 2.465 2.468 2.559 2.442 2.468 2.465 2.326 2.570 2.751 lost lost 
2.472 2.545 2.480 2.480 2.488 2.460 2.395 2.557 2.335 2.594 2.755 lost lost 
2.471 2.505 2.430 2.438 2.405 2.423 2.350 2.440 2.300 2.550 2.715 lost lost 
2.470 2.505 2.429 2.440 2.403 2.420 2.350 2.442 2.300 2.546 2.715 lost lost 
2.472 2.492 2.425 2.428 2.396 2.409 2.343 2.431 2.288 2.533 2.700 lost lost 
2.470 2.532 2.471 2.481 2.441 2.450 2.466 2.637 2.413 2.570 2.738 lost lost 
2.473 2.527 2.503 2.495 2.435 2.448 2.499 2.678 2.404 2.580 2.730 lost lost 
2.472 2.506 2.440 2.442 2.410 2.422 2.355 2.442 2.300 2.545 2.714 lost lost 
2.472 2.538 2.472 2.474 2.443 2.455 2.390 2.475 2.335 2.578 2.745 lost lost 
strip strip strip strip strip strip strip strip strip strip strip strip strip 
26-May-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #VALUE! #VALUE! 
29-May-95 -0.769 -0.763 -0.711 -0.763 -0.738 -0.713 -0.738 -0.893 -0.781 -0.868 -0.723 #VALUE! #VALUE! 
31-May-95 -0.049 -0.103 -0.090 0.000 0.000 -0.154 0.000 -0.142 -0.003 0.000 0.000 #VALUE! #VALUE! 
9-Jun-95 -0.037 0.000 -0.060 0.000 0.000 0.000 -0.114 0.000 -0.196 0.000 0.000 #VALUE! #VALUE! 
14-Jun-95 -0.876 -0.933 -0.928 -1.034 -0.806 -0.783 -0.806 -1.005 -0.758 -0.819 -0.891 #VALUE! #VALUE! 
15-Jun-95 -0.711 -0.719 -0.832 -0.720 -0.742 -0.720 -0.686 -0.713 -0.594 -0.800 -0.588 #VALUE! #VALUE! 
20-Jun-95 -0.411 -0.478 -0.427 -0.428 -0.438 -0.378 -0.382 -0.397 -0.370 -0.426 -0.388 #VALUE! IIVALUE! 
22-Jun-95 -0.031 -0.104 -0.031 0.000 -0.087 0.000 0.000 0.000 0.000 -0.083 -0.003 #VALUE! #VALUE! 
30-Jun-95 <" -0.031 -0.060 0.000 0.000 -0.091 0.000 0.000 0.000 0.000 0.000 -0.155 #VALUE! #VALUE! 
5-Jul-95 -0.409 -0.427 -0.368 -0.378 -0.409 -0.378 -0.410 -0.490 -0.408 -0.504 -0.318 #VALUE! IIVALUE! 
6-Jul-95 -0.316 -0.364 -0.330 -0.314 -0.345 -0.263 -0.289 -0.384 -0.242 -0.328 -0.300 #VALUE! IIVALUE! 
N 
........ 
0 
N 
....... 
....... 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading 1 
Reading 2 
Reading 3 
Reading 4 
Reading 5 
Reading 6 
Reading 7 
Reading 8 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
6-Jul-95 
&-Jul-95 
17-Jul-95 
Slab Load Ratios 
Load Ratios 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Jul-95 
2 
9 to 10 
,. 14-Jun-95 
15-Jun-95 
22-Jun-95 
&-Jul-95 
Date 
14-Jun-95 
15-Jun-95 
20-Jun-95 
22-Jun-95 
30-Jun-95 
5-Ju1-95 
6-Jul-95 
&-Jul-95 
17-Jul-95 
Average 
Ratio 
-0.782 
-0.687 
-0.034 
-0.040 
-0.690 
Table E.22 Full Scale Project Site Data- Level2 (Grids 9 to 10) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
23.1 23.1 23.1 Full 
11.5 11.5 11.5 Full 
2.4 2.4 2.4 Full 
12.4 12.4 12.4 Full 
9.7 9.7 9.7 Full 
6.1 6.1 6.1 Full 
0.0 strip 
0.0 strip 
0.0 reshore 
Invar I 2 3 4 5 6 7 
celllre 
2.469 2.557 2.527 2.480 2.407 2.506 2.331 2.212 
2.471 2.519 2.474 2.441 2.370 2.469 2.285 2.171 
2.473 2.495 2.453 2.416 2.346 2.445 2.260 2.147 
2.420 2.505 2.514 2.470 2.591 2.485 2.260 2.432 
2.475 2.523 2.526 2.482 2.413 2.502 2.293 2.414 
2.473 2.506 2.464 2.427 2.356 2.456 2.270 lost 
strip strip strip strip strip strip strip strip 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.725 -0.795 -0.702 -0.712 -0.878 -0.709 -0.795 
-0.613 -0.646 -0.714 -0.581 -0.714 -0.716 -0.718 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.051 0.000 0.000 0.000 0.000 -0.229 0.000 
-0.604 -0.643 -0.707 -0.720 -0.701 -0.763 #VALUE! 
- -----····-·---·-
8 9 10 II 12 
1.969 lost lost lost lost 
1.925 lost lost lost lost 
1.902 lost lost lost lost 
1.885 lost lost lost lost 
1.935 lost lost lost lost 
lost lost lost lost lost 
strip strip strip strip strip 
strip strip strip strip strip 
reshore reshore reshore reshore reshore 
0.000 #VALUE! #VALUE! #VALUE! INALUE! 
-0.937 #VALUE! #VALUE! #VALUE! #VALUE! 
-0.792 #VALUE! #VALUE! #VALUE! #VALUE! 
-0.274 II VALUE! #VALUE! #VALUE! #VALUE! 
-0.039 #VALUE! #VALUE! #VALUE! IIVALUE! 
#VALUE! #VALUE! #VALUE! #VALUE! IIVALUE! 
-----··--
Table E.23 Full Scale Project Site Data- Level3 (Grids 9 to 10) 
Level 3 
Grids 9 to 10 
Poured ~ 4-Jul-95 
Initial Stress 5-Jul-95 
Final Stress 8-Jul-95 
Strike 9-Aug-95 
Raw Data 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 - ZERO 1-Jul-95 14.5 14.5 14.5 Full 
Reading I 5-Jul-95 2.8 2.8 2.8 Full 
Reading 2 6-Jul-95 16.2 16.2 16.2 Full 
Reading 3 8-Jul-95 11.3 11.3 11.3 Full 
Reading4 1 0-Jul-95 13.3 13.3 13.3 Full 
Reading 8 17-Jul-95 0.0 0.0 0.0 strip 
N 
,_. 
Reading 9 18-Jul-95 0.0 0.0 0.0 reshore 
Reading 10 20-Jul-95 0.0 0.0 0.0 reshore 
N Reading 11 22-Jul-95 0.0 0.0 0.0 reshore 
lnvar 1 2 3 4 5 6 7 8 9 10 11 12 
centre 
1-Jul-95 2.473 2.486 2.399 2.421 2.509 2.514 2.348 2.510 2.443 2.488 2.365 2.449 2.461 
5-Jul-95 2.473 2.439 2.353 2.377 2.467 2.471 2.305 2.468 2.402 2.440 2.325 2.403 2.412 
6-Jul-95 2.472 2.477 2.392 2.415 2.506 2.510 2.344 2.506 2.441 2.478 2.364 2.441 2.451 
8-Jul-95 2.472 lost lost lost 2.514 2.491 2.336 2.491 2.424 2.466 2.371 2.441 2.481 
10-Jul-95 2.472 lost lost lost 2.510 2.508 2.343 2.505 2.438 2.480 2.372 2.445 2.457 
17-Jul-95 strip strip strip strip strip strip strip strip strip strip strip strip strip 
18-Jul-95 reshore reshore reshore reshore reshore reshore reshore reshore reshore res bore reshore reshorc reshore 
20-Jul-95 reshore reshore res bore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore 
22-Jul-95 res bore res bore reshore reshore reshore reshore reshore reshore res bore res bore res bore reshore reshore 
Slab Load Ratios 
Load Ratios Average 
1-Jul-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
5-Jul-95 -0.749 -0.737 -0.786 -0.747 -0.778 -0.758 -0.886 -0.718 -0.810 -0.632 -0.793 -0.651 -0.699 
6-Jul-95 -0.742 -0.771 -0.757 -0.792 -0.735 -0.721 -0.840 -0.775 -0.756 -0.660 "0.730 -0.684 -0.678 
8-Jul-95 -0.415 #VALUE! #VALUE! #VALUE! 0.000 -1.127 -0.163 -0.826 -1.074 -0.543 0.000 0.000 0.000 
10-Jul-95 -0.049 #VALUE! #VALUE! #VALUE! 0.000 -0.131 -0.048 -0.044 -0.057 -0.163 0.000 0.000 0.000 L:..: __________________________________ ---------------------------------
----- ---------------
N 
....... 
VJ 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 -ZERO 
Reading I 
Reading 3 
Reading 5 
Reading 7 
Reading 8 
Reading 9 
Reading 10 
Reading II 
15-Jul-95 
17-Jul-95 
20-Jul-95 
22-Jul-95 
27-Jul-95 
28-Jul-95 
2-Aug-85 
5-Aug-95 
8-Aug-95 
Slab Loatl Ratios 
Load Ratios 
15-Jul-95 
17-Jul-95 
20-Jul-95 
22-Jul-95 
27-Jul-95 
28-Jul-95 
4 
9 to 10 
~ 15-Jul-95 
17-Jul-95 
21-Jul-95 
23-Aug-95 
Date 
15-Jul-95 
17-Jul-95 
20-Jul-95 
22-Jul-95 
27-Jul-95 
28-Jul-95 
2-Aug-85 
5-Aug-95 
8-Aug-95 
Average 
Ratio 
-0.517 
-0.537 
-0.047 
-0.814 
-0.639 
Table E.24 Full Scale Project Site Data -Level 4 (Grids 9 to 10) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
10.6 10.6 10.6 Full 
19.8 19.8 19.8 Full 
11.9 11.9 11.9 Full 
22.1 22.1 22.1 Full 
14.7 14.7 14.7 Full 
19.8 19.8 19.8 Full 
0.0 reshore 
0.0 reshore 
0.0 reshore 
Invar I 2 3 4 5 6 7 
centre 
2.472 2.405 2.420 2.405 2.764 2.539 2.552 2.432 
2.475 2.426 2.442 2.430 2.787 2.562 2.580 2.454 
2.462 2.389 2.405 2.394 2.750 2.525 2.544 2.417 
2.463 2.481 2.444 2.429 2.788 2.564 2.590 2.472 
2.463 2.393 2.388 2.495 2.781 2.535 2.604 2.448 
2.465 2.415 2.430 2.418 2.775 2.550 2.570 lost 
reshore reshore reshore reshore reshore reshore reshore reshore 
reshore reshore reshore reshore reshore reshore reshore reshore 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.510 -0.522 -0.462 -0.548 -0.475 -0.539 -0.521 
-0.547 -0.565 -0.433 -0.596 -0.519 -0.454 -0.563 
0.000 -0.062 -0.086 -0.077 0.000 0.000 0.000 
-0.840 -2.242 0.000 0.000 -0.471 0.000 0.000 
-0.565 -0.650 -0.641 -0.700 -0.608 -0.539 #VALUE! 
i 
i 
I 
8 9 10 II 12' 
2.488 2.458 2.476 2.299 2.909 
2.513 2.482 2.498 2.320 2.927 
2.476 2.447 2.460 2.283 2.890 
2.511 2.482 2.500 2.325 2.980 
2.466 2.424 2.484 2.287 2.955 
lost lost lost 2.306 2.914 
reshore reshore r<:shore reshore reshore 
reshore reshore reshore reshore reshore 
reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 
-0.510 -0.487 -0.576 -0.496 -0.560 
-0.575 -0.382 -0.694 -0.533 -0.589 
-0.194 -0.076 -0.068 0.000 0.000 
-2.472 -2.927 0.000 -0.81& 0.000! 
#VALUE! #VALUE! #VALUE! -0.713 -0.698 
Table E.25 Full Scale Project Site Data- LevelS (Grids 9 to 10) 
Level 5 
Grids 9 to 10 
Poured • 27-Jul-95 
Initial Stress 28-Jul-95 
Final Stress 2-Aug-95 
Strike 30-Aug-95 
Rlll!IData 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 -ZERO 27-Jul-95 14.5 14.5 14.5 Full 
Reading I 28-Jul-95 20.2 20.2 20.2 Full 
Reading 2 2-Aug-95 11.4 11.4 11.4 Full 
Reading 3 5-Jul-95 12.4 12.4 12.4 Full 
N 
........ 
Reading 4 8-Aug-95 0.0 strip 
Reading 5 9-Aug-95 0.0 reshore 
.j:>. 
Invar 1 2 3 4 5 6 7 8 9 10 II 12 
centre 
27-Jul-95 2.464 2.434 2.416 2.456 2.532 2.474 2.515 2.566 2.5!2 2.500 2.489 2.471 2.474 
28-Jul-95 2.465 2.440 2.442 2.491 2.551 2.484 2.536 2.560 2.558 2.501 2.503 2.553 2.482 
2-Aug-95 2.465 2.463 2.405 2.493 2.531 2.481 2.528 2.583 2.529 2.488 2.503 2.462 2.460 
5-Jul-95 2.463 2.415 2.394 2.436 2.521 2.462 2.503 2.555 2.498 2.484 2.475 2.447 2.450 
8-Aug-95 strip strip strip strip strip strip strip strip strip strip strip strip strip 
9-Aug-95 reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore 
Slab Load Ratios 
Load Ratios Average 
27-Jul-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
28-Jul-95 -0.809 -0.761 0.000 0.000 0.000 -1.319 0.000 -5.373 0.000 -1.304 -0.483 0.000 -0.463 
2-Aug-95 -0.071 0.000 -0.163 0.000 0.000 0.000 0.000 0.000 0.000 -0.298 0.000 -0.043 -0.275 
5-Jul-95 -0.770 -0.759 -0.850 -0.698 -0.685 -0.807 -0.732 -0.855 -0.796 -0.68! -0.856 -0.851 -0.790 
' 
N 
....... 
VI 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 - ZERO 
Reading 1 
Reading 2 
Reading 3 
Reading 6 
Reading 7 
Reading 8 
5-Aug-95 
8-Aug-95 
9-Aug-95 
10-Aug-95 
16-Aug-95 
18-Aug-95 
23-Aug-95 
Slab Load Ratios 
Load Ratios 
5-Aug-95 
8-Aug-95 
9-Aug-95 
10-Aug-95 
16-Aug-95 
6 
9 to 10 
.5-Aug-95 
7-Aug-95 
9-Aug-95 
12-Sep-95 
Date 
5-Aug-95 
&-Aug-95 
9-Aug-95 
10-Aug-95 
16-Aug-95 
1&-Aug-95 
23-Aug-95 
Average 
Ratio 
-0.520 
-0.079 
-0.094 
-0.768 
Table E.26 Full Scale Project Site Data -Level 6 (Grids 9 to 10) 
Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
11.5 11.5 11.5 Full 
7.5 7.5 7.5 Full 
9.9 9.9 9.9 Full 
10.0 10.0 10.0 Full 
16.5 16.5 16.5 Full 
0.0 strip 
0.0 reshore 
lnvar I 2 3 4 5 6 7 
centre 
2.465 2.435 2.444 2.485 2.494 2.397 2.571 2.405 
2.463 2.409 2.420 2.460 2.472 2.378 2.554 2.434 
2.464 2.454 2.435 2.482 2.514 2.408 2.603 2.440 
2.464 2.483 2.434 2.496 2.519 2.483 2.569 2.435 
2.464 2.429 2.439 2.482 2.500 2.404 2.579 2.414 
strip strip strip strip strip strip strip strip 
reshore reshore reshore reshore reshore reshore reshore reshore 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.490 -0.453 -0.528 -0.657 -0.590 -0.430 0.000 
0.000 -0.146 0.000 0.000 0.000 0.000 0.000 
0.000 -0.203 0.000 0.000 0.000 0.000 0.000 
-0.794 -0.836 -0.791 -0.623 -0.770 -0.781 -0.884 
I 
I 
8 9 10 II 12 
2.538 2.391 ~.629 2.471 2.302 
2.520 3.382 2.610 2.438 2.280 
2.530 2.49! 2.623 2.462 2.309 
2.530 2.390 2.623 2.462 2.308 
2.549 2.399 2.634 2.472 2.302 
strip strip Strip strip strip 
reshore reshore r~shore reshore reshore 
0.000 0.000 0.000 0.000 0.000 
-1.075 0.000 -0.391 -1.186 -0.439 
-0.584 0.000 -0.020 -0.202 0.000 
-0.660 0.000 -0.043 -0.221 0.000 
-0.713 -0.831 -0.663 -0.789 -0.738 
Table E.27 Full Scale Project Site Data- Level 7 (Grids 9 to 10) 
Level 7 
Grids 9 to 10 
Poured 16-Aug-95 
Initial Stress .J8-Aug-95 
Final Stress 23-Aug-95 
Strike 23-Sep-95 
Raw Data 
Date Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 - ZERO 16-Aug-95 15.8 15.& 15.8 Full 
Reading I 1&-Aug-95 14.2 14.2 14.2 Full 
Reading 2 23-Aug-95 17.4 17.4 17.4 Full 
Reading 3 25-Aug-95 18.4 18.4 18.4 Full 
Reading 4 26-Aug-95 18.8 18.8 18.8 Full 
Reading 5 28-Aug-95 18.4 18.4 18.4 Full 
Reading 6 29-Aug-95 16.9 16.9 16.9 Full 
N 
,_. 
Reading 7 30-Aug-95 0.0 strip 
Reading 8 2-Sep-95 0.0 reshore 
0\ Invar 1 2 3 4 5 6 7 8 9 10 II 12 
centre 
16-Aug-95 2.462 2.310 2.400 2.462 2.548 2.527 2.517 2.571 2.459 2.528 2.484 3.117 2.475 
18-Aug-95 2.465 2.295 2.387 2.450 2.538 2.517 2.501 2.563 2.453 2.524 :?.481 3.110 2.460 
23-Aug-95 2.464 lost lost 2.458 2.545 2.525 2.511 2.572 2.462 2.532 2.489 lost 2.468 
25-Aug-95 2.465 lost lost 2.627 2.588 2.537 2.550 2.598 2.511 2.538 2.496 lost 2.482 
26-Aug-95 2.463 lost lost 2.626 2.417 2.517 2.540 2.600 2.503 2.528 2.471 lost 2.475 
28-Aug-95 2.463 lost lost 2.457 2.545 2.525 2.510 2.572 2.463 2.534 2.491 lost 2.470 
29-Aug-95 2.463 lost lost 2.455 2.545 2.524 2.510 2.568 2.460 2.530 2.487 lost 2.469 
30-Aug-95 strip strip strip strip strip strip strip strip strip strip strip strip strip 
2-Sep-95 reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore 
Slab Load Ratios 
Load Ratios Average 
16-Aug-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
18-Aug-95 -0.561 -0.525 -0.587 -0.563 -0.550 -0.520 -0.706 -0.551 -0.585 -0.663 -0.427 -0.411 -0.648 
23-Aug-95 -0.608 #VALUE! #VALUE! -0.588 -0.647 -0.54& -0.629 -0.503 -0.510 -0.795 -0.579 #VALUE! -0.670 
25-Aug-95 -0.047 #VALUE! #VALUE! 0.000 0.000 -0.043 0.000 0.000 0.000 -0.199 0.000 #VALUE! -0.180 
26-Aug-95 -2.405 #VALUE! #VALUE! 0.000 -9.365 -1.248 0.000 0.000 0.000 -2.876 -7.673 #VALUE! -0.481 
28-Aug-95 -0.700 #VALUE! #VALUE! -0.750 -0.777 -0.671 -0.775 -0.674 -0.640 -0.782 -0.564 #VALUE! -0.668 
29-Aug-95 -0.530 IIVALUEI #VALUE! -0.616 -0.482 -0.456 -0.556 -0.636 -0.445 -0.656 -0.419 IIVALUE! -0.500 
------- - ----------- ----- -----------
Table E.28 Full Scale Project Site Data- Level 8 (Grids 9 to 10) 
Level 8 
Grids 9 to 10 
Poured 28-Aug-95 
Initial Stress ;;\9-Aug-95 
Final Stress 4-Sep-95 
Strike 13-0ct-95 
Raw Data 
Date Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 - ZERO 28-Aug-95 17.9 17.9 17.9 Full 
Reading 1 29-Aug-95 16.8 16.8 16.8 Full 
Reading 2 30-Aug-95 14.8 14.8 14.8 Full 
Reading 4 2-Sep-95 21.1 21.1 2l.i Full 
Reading 5 5-Sep-95 17.2 17.2 17.2 Full 
Reading 6 6-Sep-95 10.3 10.3 10.3 Full 
Reading 7 7-Sep-95 9.9 9.9 9.9 Full 
N 
........ 
Reading 8 8-Sep-95 0.0 strip 
Reading 9 12-Sep-95 0.0 reshore 
'-.) lnvar I 2 3 4 5 6 7 8 9 10 II 12 
centre 
28-Aug-95 2.464 2.494 2.497 2.146 2.521 2.145 2.489 2.500 2.550 2.442 2.505 2.439 2.308 
29-Aug-95 2.463 2.476 2.483 2.131 2.502 2.333 2.465 2.489 2.536 2.430 2.485 2.421 2.288 
30-Aug-95 2.464 2.475 2.479 2.130 2.504 2.130 2.460 2.553 2.534 2.425 2.567 2.414 2.290 
2-Sep-95 2.463 lost lost 2.147 2.521 2.147 2.475 2.563 2.551 2.443 2.571 2.433 2.309 
5-Sep-95 2.464 lost lost 2.185 2.518 2.335 2.481 2.551 2.614 2.512 2.567 2.440 2.300 
6-Sep-95 2.465 lost lost 2.115 2.488 2.113 2.459 2.471 2.518 2.413 2.470 2.400 2.270 
7-Sep-95 2.466 lost lost 2.100 2.492 2.400 2.450 2.528 2.551 2.515 2.563 2.400 2.271 
8-Sep-95 strip strip strip strip strip strip strip strip strip strip strip strip strip 
12-Sep-95 reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshorc 
Slab Load Ratios 
Load Ratios Average 
28-Aug-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
29-Aug-95 -0.776 -0.783 -0.733 -0.768 -1.058 0.000 -1.806 -0.709 -0.727 -0.728 -0.715 -0.497 -0.785 
30-Aug-95 -0.564 -0.561 -0.664 -0.490 -0.562 -0.422 -1.814 0.000 -0.510 -0.736 0.000 -0.573 -0.441 
2-Sep-95 -0.580 #VALUE! #VALUE! -0.531 -0.606 -0.464 -2.053 0.000 -0.556 -0.700 0.000 -0.522 -0.371 
5-Sep-95 -0.090 #VALUE! #VALUE! 0.000 -0.067 0.000 -0.542 0.000 0.000 0.000 0.000 0.000 -0.296 
6-Sep-95 -0.742 #VALUE! #VALUE! -0.684 -0.828 -0.762 -0.782 -0.793 -0.787 -0.709 -0.615 -0.634 -0.825 
7-Sep-95 -0.525 #VALUE! #VALUE! ·1.742 -0.528 0.000 -1.588 0.000 0.000 0.000 0.000 -0.628 -0.766 
Table E.29 Full Scale Project Site Data -Level 9 (Grids 9 to 10) 
Level 9 
Grids 9 to 10 
Poured _ 6-Sep-95 
Initial Stress 7-Sep-95 
Final Stress 13-Sep-95 
Strike ? 
Raw Data 
Date Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 - ZERO 6-Sep-95 9.5 9.5 9.5 Full 
Reading I 7-Sep-95 9.8 9.8 9.8 Full 
Reading 2 8-Sep-95 10.0 10.0 10.0 Full 
Reading4 12-Sep-95 15.9 15.9 15.9 Full 
Reading 5 13-Sep-95 16.1 16.1 16.1 Full 
Reading 7 15-Sep-95 17.5 17.5 17.5 Full 
N 
....... 
Reading 8 16-Sep-95 0.0 strip 
Reading 9 21-Sep-95 0.0 reshore 
00 
lnvar I 2 3 4 5 6 7 8 9 10 II 12 
centre 
6-Sep-95 2.465 2.532 2.401 2.580 2.323 2.522 2.522 2.509 2.502 lost 2.639 2.442 2.392 
7-Sep-95 2.466 2.522 2.393 2.594 2.450 2.504 2.536 2.505 2.495 lost 2.634 2.408 2.441 
8-Sep-95 2.466 2.527 2.397 2.609 2.485 2.505 2.548 2.510 2.495 lost 2.654 2.418 2.450 
12-Sep-95 2.468 lost lost 2.623 2.491 2.524 2.554 2.529 2.513 lost 2.660 2.435 2.544 
13-Sep-95 2.467 lost lost 2.667 2.470 2.543 2.540 2.530 2.525 lost 2.658 2.462 2.547 
15-Sep-95 2.465 lost lost 2.580 2.519 2.540 2.540 2.530 2.510 lost 2.662 2.428 2.539 
16-Sep-95 strip strip strip strip strip strip strip strip strip strip strip strip strip 
21-Sep-95 reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore reshore n:shorc 
Slab Load Ratios 
Load Ratios Average 
6-Sep-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #VALUE! 0.000 0.000 0.000 
7-Sep-95 -0.769 -0.799 -0.793 0.000 0.000 -1.991 0.000 -0.934 -0.936 #VALUE I -0.507 -2.503 0.000 
8-Sep-95 -0.550 -0.503 -0.520 0.000 0.000 -1.950 0.000 -0.234 -0.999 #VALUE! 0.000 -1.847 0.000 
12-Sep-95 -0.614 #VALUE! #VALUE! 0.000 0.000 -1.993 0.000 -0.303 -1.149 #VALUE! -0.068 -2.016 0.000 
13-Sep-95 -0.063 #VALUE! #VALUE! 0.000 0.000 -0.050 -0.146 -0.079 0.000 #VALUE! -0.185 -0.104 0.000 
15-Sep-95 -0.737 #VALUE! #VALUE! -1.096 0.000 -0.564 -0.235 -0.418 -1.648 #VALUE! -0.048 -2.624 0.000 
Table E.30 Full Scale Project Site Data - LevellO (Grids 9 to 10) 
Level 10 
Grids 9 to 10 
Poured .,_15-Sep-95 
Initial Stress 16-Sep-95 
Final Stress 25-Sep-95 
Strike ? 
Raw Data 
Date Temperature Formwork 
Start Finish Avg. Situation 
oC oC oC 
Reading 0 - ZERO 14-Sep-95 16.8 16.8 16.8 Full 
Reading 1 16-Sep-95 19.5 19.5 19.5 Full 
Reading4 21-Sep-95 18.8 18.8 18.8 Full 
Reading 7 25-Sep-95 20.8 20.8 20.8 Full 
N 
....... 
Reading 8 26-Sep-95 16.3 16.3 16.3 Full 
Reading 10 28-Sep-95 0.0 strip 
\0 Reading II 30-Sep-95 0.0 Shored 
Invar I 2 3 4 5 6 7 8 9 10 11 12 
centre 
14-Sep-95 2.467 2.498 3.094 2.550 2.386 2.370 2.379 2.382 2.605 2.402 2.508 2.464 2.445 
16-Sep-95 2.464 2.496 3.085 2.538 2.380 2.345 2.442 2.382 2.601 2.398 2.498 2.452 2.432 
21-Sep-95 2.466 lost lost 2.542 2.380 2.365 2.375 2.384 2.603 2.398 2.497 2.453 2.433 
25-Sep-95 2.463 lost lost 2.585 2.393 2.373 2.402 2.389 2.665 2.454 2.682 2.465 3.031 
26-Sep-95 2.466 lost lost 2.531 2.372 2.351 2.367 2.376 2.593 2.388 2.488 2.445 2.428 
28-Sep-95 strip strip strip strip strip strip strip strip strip strip strip strip strip 
30-Sep-95 strip strip strip strip strip strip strip strip strip strip strip strip strip 
Slab Load Ratios 
Load Ratios Average 
14-Sep-95 Ratio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
16-Sep-95 -0.772 -0.783 -0.735 -0.790 -0.702 -1.578 0.000 -1.078 -0.748 -0.628 -0.600 -0.748 -0.871 
21-Sep-95 -0.654 #VALUE! #VALUE! -0.601 -0.698 -0.522 -0.734 -0.630 -0.576 -0.623 -0.637 -0.701 -0.820 
25-Sep-95 -0.078 #VALUE! #VALUE! 0.000 -0.052 -0.253 0.000 -0.176 0.000 0.000 0.000 -0.300 0.000 
26-Sep-95 -0.766 #VALUE! II VALUE! -0.769 -0.737 -0.870 -0.784 -0.764 -0.793 -0.806 -0.702 -0.728 -0.704 
- ----·--------
N 
N 
0 
Level 
Grids 
Poured 
Initial Stress 
Final Stress 
Strike 
Raw Data 
Reading 0 -ZERO 
Reading 2 
Reading 3 
Reading 5 
26-Sep-95 
28-Sep-95 
30-Sep-95 
4-0ct-95 
Slab Load Ratios 
Load Ratios 
26-Sep-95 
28-Sep-95 
30-Sep-95 
4-0ct-95 
11 
9 to 10 
0 26-Sep-95 
27-Sep-95 
4-0ct-95 
? 
Date 
26-Sep-95 
28-Sep-95 
30-Sep-95 
4-0ct-95 
Average 
Ratio 
-0.743 
-0.518 
-0.038 
Table E.31 Full Scale Project Site Data- Levelll (Grids 9 to 10) 
Temperature Form work 
Start Finish Avg. Situation 
oC oC oC 
16.5 16.5 16.5 Full 
15.2 15.2 15.2 Full 
20.2 20.2 20.2 Full 
15.5 15.5 15.5 Full 
Invar I 2 3 4 5 6 7 
centre 
2.467 2.627 2.380 2.394 2.546 2.591 2.595 2.520 
2.466 2.611 2.360 2.360 2.532 2.580 2.610 2.557 
2.464 lost lost 2.354 2.579 2.633 2.673 2.537 
2.464 lost lost 2.387 2.567 2.585 2.649 2.568 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 
-0.820 -0.784 -1.394 -0.834 -0.658 0.000 0.000 
#VALUE! #VALUE! -2.291 0.000 0.000 0.000 0.000 
#VALUE! #VALUE! -0.050 0.000 -0.005 0.000 0.000 
8 9 10 11 12 
2.542 2.606 2.368 2.545 2.442 
2.521 2.590 2.416 2.519 2.'120 
2.531 lost 2.401 2.538 2.460 
2.535 lost 2.450 2.535 2.477 
0.000 0.000 0.000 0.000 0.000 
-1.388 -1.191 0.000 -1.054 -0.788 
-1.626 #VALUE! 0.000 -0.744 0.000 
-0.090 #VALUE! 0.000 -0.201 0.000 
Appendix: F Full Scale Project Drawings Stephen L. Kajewski 
F. FULL SCALE PROJECT DRAWINGS 
F.O General 
Figures F .1 to F .8 are part structural drawings for the full scale project. The 
drawings indicate the structural sections and post-tensioning for each slab. 
The building grids and dimensions have only been indicated on Figure F .1. 
The grids and dimensions are similar for figures F.2 to F.8. Figure 7.2 
(section 7) indicates the slab regions monitored during the project. 
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Figure F.l Mezzanine Slab- General Layout 
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Appendix F Full Scale Project Drawings Stephen L. Kajewski 
Figure F.2 Mezzanine Slab- Post-Tensioning 
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Appendix F Full Scale Project Drawings Stephen L. Kajewski 
.... 
u 
00• 
a:t. 
""' 
r.,;~s=::;::===C::~~::::s:==:=::~=. ____ :-""~ · :--:-n~...:._.~--.:::'~,""'"f-'81R 
, SlO~.,:o:a& .~llli OS~ :c- ag&: tgQif 
t 
r 
t 
~ l 
t 
'· • 
' 
' 
,. 
> 
• 
: --------------Mo9-~-.. tt;s-,-- . ~1~---.-.-..,.._j- a1 
I -" : 
""' O·
0. 
-a 
>< 
)> 
C> 
<>: 
~ 
~---------- -----
' "' I -I W 
' I t 
' 
' 
' 
' 
' t I 
' 
" ·t 
"-0 c---t· 
N.. t.n I~ 
u,t t..~l· 
----------------~--
~---~----~-----r-.---~----
: POO~- x. "'005L /' . 
' . I r 
I L 
I I 
I I 
' ' 
' ® ' -- "I o I 
' . t· 
I I 
I I 
I I 
: I 
·o I 
,. ' I l, u; 
~---------------~----
~"' 0 •:z:
: ! ~m _____ l i ------ ---~-m------------~-:m--m ____ m ___ j__m:--
• _ell=_ - ± . 
Figure F.3 Boulevard Slab- General Layout 
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Appendix F Full Scale Project Drawings Stephen L. Kajewski 
Figure F.4 Boulevard Slab- Post-Tensioning 
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Figure F.S Levell Slab- General Layout 
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Appendix F Full Scale Project Drawings Stephen L. Kajewski 
Figure F.6 Levell Slab- Post-Tensioning 
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Appendix F Full Scale Project Drawings Stephen L. Kajewski 
Figure F.7 Levels 2 to 11- General Layout 
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Appendix F Full Scale Project Drawings Stephen L. Kajewski 
Figure F.8 Levels 2 to 11- Post-Tensioning 
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Appendix G Predicted Slab Load Ratios 
Using the Simplified Analysis Method 
Stephen L. Kajewski 
G. PREDICTED SLAB LOAD RATIOS USli~G THE 
SIMPLIFIED ANALYSIS l\tiETHOD 
G.O General 
Section 4 proposed a simplified analysis method that accounts for the effects 
of post-tensioning on multi-level form work load distribution; this method is 
used here. The assumptions of infinite foundation stiffness and time 
dependent (varying) concrete properties are adopted. The actual full scale 
concrete properties, as indicated in appendix J, are used in the analysis. The 
slabs and associated post-tensioning were designed such that the full slab 
self-weight is balanced at the stage of 100% stress. At a slab age of 
approximately 24 hours, an initial stress equivalent to 25% of the full stress 
was applied to control shrinkage cracking. 
Figure G.l indicates the slab load ratios arising from the pouring of the first 
suspended slab (mezzanine level). On the application of the initial 25% 
stress, the modified method predicts that the slab would support 25% of its 
self-weight (SLR = 0.25) with the remaining 75% of the slab self-weight 
being left in the shores (SLR = 0.75). When full stress has occurred, the slab 
supports its full self-weight (SLR = 1.00), completely unloading the shores 
(SLR = 0.00). 
IXIXI ~:~~ IX! ><I ~:~~ lXIXI ~:~~ 
22 Apr 1995 23 Apr 1995 28 Apr 1995 
Pour Mezz. Initial Stress FuR Stress 
Figure G.l Mezzanine Level Slab Load Ratios 
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When the boulevard slab (2"d suspended slab) is poured (figure G.2), the 
load is transferred directly to the foundation as there is a continuous load 
path. The mezzanine level slab is not required to carry any of the new load. 
The slab load ratio of 1.00 in the mezzanine level slab is its own self-weight 
(carried due to the stressing as described previously). As the boulevard slab 
receives the initial stress, its supports 25% of its self-weight, relieving all 
shore levels of this portion of the load. The load in the mezzanine level slab 
is unaffected. Full stressing of the boulevard slab completely relieves the 
shores of load and each slab is required to carry its own self-weight (SLR = 
1.00). 
_m.oo .00 .00 
.00 
9 May 1995 
Pour Soul. 
_m0.25 0.75 1.00 0.75 
10 May 1995 
Initial Stress 
_m1.00 0.00 .00 0.00 
14 May 1995 
Full Stress 
Figure G.2 Boulevard Level Slab Load Ratios 
The load distribution as described for the pouring of the mezzanine and 
boulevard level slabs is repeated for the addition and stressing of the level 1 
slab (3'd suspended level). As the shores have been completely unloaded by 
the stressing prior to the stripping of the mezzanine level shores (foundation 
level), there is no load to be redistributed when these shores are stripped. As 
indicated in figure G.3, the load distribution, on the removal of the shores, 
remains Uf1Changed with each slab supporting its own self-weight. 
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_I" 
_IJ" _I" ~00 .00 0.75 0.00 0.00 .00 1.00 .00 .00 .00 0.75 .00 .00.00 1.00 .00 .00 
.00 0.75 .00 
27 May 1995 28 May 1995 31 May 1995 9 Jun 1995 
Pour L 1 Initial Stress FuU Stress Strip Mezz. 
Figure G.3 Levell Slab Load Ratios 
As the reshores to the mezzanine level are placed without any load in them, 
the addition and initial stressing of the level 2 slab (4th suspended level) 
produces a loading situation similar to the previous slabs as indicated in 
figure G.4. As full stressing has not occurred at the stage at which the 
mezzanine level reshores are removed, the load from the reshores is 
redistributed among the slabs in direct proportion to their developed 
stiffness. When the level 2 slab is fully stressed, the shores and supporting 
slabs are completely relieved of remaining portion of the level 2 slab self-
weight. 
"'"""""..., 0.00 0.25 0.42 1.00 1.00 
1.00 0.75 0.58 0.00 0.00 
--·~1.00 1.00 1.19 1.00 1.00 
1.00 0.75 0.39 0.00 0.00 
~~..,. 1.00 1.00 1.20 1.00 1.00 
1.00 0.75 0.20 0.00 
......... 1.00 1.00 1.20 1.00 1.00 
1.00 0.75 
14 Jun 1995 15 Jun 1995 20 Jun 1995 22 Jun 1995 30 Jun 1995 
Pour L2 Initial Stress Clear Mezz. Final Stress Reshore Soul. 
Reshore Mezz. Strip Soul. 
,, 
Figure G.4 Level 2 Slab Load Ratios 
As there is no continuous load path to the foundations when the level 3 slab 
(5th suspended level) is poured, the load is distributed between the 
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interconnected slabs in direct proportion to their relative stiffness (figure 
G.5). For all construction stages after the foundation level shores have been 
removed, the loads resulting from the. addition of a new slab, the various 
stages of stressing and the removal of shoring or reshoring are distributed or 
redistributed among the interconnected slabs in direct proportion to their 
relative stiffness (figures G.5 to G.l3). 
~~.., 0.00 0.25 0.27 
1.00 0.75 0.73 
*-•~ 1.24 1.18 1.23 
0 
XIX 0 1 
.48 1.00 
.52 0.00 
.52 1.00 
0.76 0.57 0.50 
*-•~1.24 1.18 1.23 1 .00 1.00 
0.52 0.39 0.27 
........... 1.26 1.20 1.27 1 .00 1.00 
0.26 0.19 
........... 1.26 1.19 1.00 1 .00 1.00 
4 Jul1995 5 Jul1995 6 Jul1995 8 Jul1995 10 Jul1995 
Pour L3 Initial Stress Clear Soul. Strip L 1 Full Stress 
Strip L2 
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H. PREDICTED SLAB LOAD RATIOS USING THE FINITE 
ELEMENT MODEL 
H.O General 
Section 6 detailed a finite element model proposed for calculating multi-
level formwork load distribution. This finite element model is used in this 
section to predict the load distribution for the full scale project. By 
comparing the predicted values with the actual values, the suitability and 
accuracy of the finite element model in predicting slab loads is confirmed. 
The finite element model is then used in a parametric study (section 8) to 
examine a range of issues associated with post-tensioning and its effect on 
multi-level formwork load distribution. 
H.l FEM Predicted Slab Load Ratios 
Two values are adopted for foundation stiffness in the finite element 
analysis. An infinite foundation stiffness is adopted in accordance with the 
simplifying assumption of many researchers. The second stiffness adopted 
for analysis in the finite element model is a value of 150 kN/m2 which is 
used as an approximation to the actual foundation stiffness on the full scale 
project. The differing slab load ratios obtained from the analyses provides 
an upper and lower bound value for the slab load ratio at each construction 
stage. As will be demonstrated, however, the effect of varying the 
' foundation stiffness is minimal. 
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H.l.l FEM Predicted Slab Load Ratios Assuming Infmite 
Foundation Stiffness 
The slab load ratios predicted assuming an infinite fonndation stiffness are 
indicated in figure H.l to H.13. Two values for the slab load ratios in the 
shores and slab are given at each construction stage. The first value is the 
slab load ratio in either the slab or shore at the centre of the slab. The second 
value is the slab load ratio in the shores or slabs when averaged across the 
entire slab region. These two values are provided as there is a non-uniform 
distribution predicted by the finite element analysis. 
Unlike results obtained using the simplified analysis method, which assumes 
a flat plate slab with no edge fixity, the finite element analysis models the 
actual properties of the full scale project. The non-uniform slab section 
properties and the edge fixity give rise to a situation in which the slab load 
ratios in the shores typically vary from a maximum value at the centre of the 
slab to a minimum value towards the columns. Similarly, the slab load ratios 
in the slabs typically vary from a minimum value at the centre of the slab to 
a maximum value near the columns. McAdam and Behan (1990: 11) also 
observed this non-nniform shore load distribution and argue that the shores 
closest to the column (assuming infinite column rigidity) are unable to 
change in length. As such, changes in shore length will vary from zero at the 
columns to a maximum value towards the centre of the slab, producing a 
non-uniform load distribution. Examination of the differences between the 
slab load ratios for the centre shore and the average slab load ratios (figures 
H.l to H.J3) reveals a maximum variation of 0.37 or 37% of a typical slab 
load. This represents a significant variation of loads across the slab. 
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Figure H.l indicates a uniform load distribution across all shores when the 
mezzanine slab (1st suspended slab) is poured. As the slab at this stage of 
construction is in a plastic state with no stiffness, the differing section 
profiles and edge fixity have no effect on the load distribution. As the slab 
receives the initial 25% stress, it is required to support 25% of its self-
weight (SLR = 0.25), leaving the remaining portion of the slab load in the 
supporting shores (SLR = 0.75). As the slab is fully stressed, the slab is 
forced to support its full self-weight (SLR = 1.00) resulting in a complete 
unloading of the shores (SLR = 0.00). 
Centre value \ 
.1x1x1~:~~ 
22 Apr 1995 
Pour Mezz. 
r Average value 
0.00 0.25 0.25 1.00 1.00 
1.00 !XIX! 0.75 o.75 !XIX! o.oo o.oo 
23 Apr 1995 
Initial Stress 
28 Apr 1995 
Full Stress 
Figure H.l Mezzanine Level Slab Load Ratios 
As the boulevard slab (2nct suspended slab) is poured (figure H.2), a uniform 
distribution of shore loads results in the level of shores immediately below 
the slab. As there is a continuous load path from the boulevard slab to the 
foundations via the shores, the load is transferred directly to the foundations. 
The mezzanine level slab is not required to carry any of the new load. The 
slab load ratio of 1.00 in the mezzanine level slab is its own self-weight (due 
to the stressing as described previously). As the mezzanine level slab has 
developed stiffness at this construction date, the infinite column stiffness, 
edge fixity and non-uniform section properties have an effect on the load 
distribution in the mezzanine slab and shores. Towards the centre of the 
slab, where these effects are minimal, a slab load ratio in the shores of 1.00 
is predicted. Away from the centre of the slab where the infinite column 
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stiffness, edge fixity and non-uniform section properties have a greater 
effect, the slab load ratio in the shore reduces slightly to a value of 0.95. The 
corresponding slab load ratio in the slab increases from I.OO to 1.05. As the 
boulevard level slab receives the initial 25% stress, the slab supports 25% of 
its own load (SLR = 0.25), reducing the load on the shores by a 
corresponding amount. The load in the mezzanine level slab remains 
unaltered. When the boulevard level slab is fully stressed, all shores are 
relieved of the boulevard slab load and both slabs carry their own self-
weight. 
_moo o.oo •. 2s o.2lm1.oo 1.oo :oo 1.oo o.75 o.75 o.oo o.oo .00 1.05 1.00 1.00 1.00 1.00 
.00 0.95 0.75 0.75 0.00 0.00 
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Pour Soul. 
10 May 1995 
Initial Stress 
14 May 1995 
Full Stress 
Figure H.2 Boulevard Level Slab Load Ratios 
As the level 1 slab (3rd suspended slab) is poured (figure H.3), as with the 
pouring of the boulevard and mezzanine slabs, a uniform distribution of 
shore loads results in the level of shores immediately below the slab. As 
there is still a continuous load path from the level 1 slab to the foundations 
via the shores, the load is transferred directly to the foundations. The 
mezzanine and boulevard slabs are not required to carry any of the new load. 
As both the mezzanine and boulevard slabs have developed stiffness at this 
construction date, the infinite column stiffness, edge fixity and non-uniform 
section properties have an effect on the load distribution. Towards the centre 
of the slab,' where these effects are minimal, a slab load ratio in the shores of 
1.00 is predicted. Away from the slab centre, the slab load ratio in the 
mezzanine level shores reduce to a value of 0.95. The corresponding slab 
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load ratio in the slab increases from 1.00 to 1.05. As the level 1 slab receives 
its initial stress, 25% of the slab load is relieved from the shores but the slab 
loads remain unaltered. When the level 1 slab is fully stressed, all shores are 
relieved of the full level 1 slab load. Towards the centre of the slab where 
the effects of infinite column stiffness, edge fixity and non-uniform section 
properties are minimal, the shores are completely unloaded (SLR = 0.00). 
Away from the centre, the shores are not completely unloaded leaving a 
small residual load in the shores. 
As the centre mezzanine level shores have been completely unloaded by the 
stressing prior to their removal, there is no redistribution of load when these 
shores are ·stripped. There is a redistribution of the residual load remaining 
in the shores away from the slab centre. 
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0.00 
0.94 
0.06 
1.06 
As the shores are still in contact with the foundation when the level2 slab 
(4th suspended level) is poured, the slab load is transferred directly to the 
foundation as indicated in figure H.4. This construction stage, as well as the 
initial stress, final stress and stripping of the boulevard slab shores produces 
load distrl.butions similar to the previous cases. As final stressing has not 
occurred on the level 2 slab prior to the stripping of the mezzanine level 
reshores (20 June 1995), the slab load ratio in the reshotes (1.00 centre, 0.80 
average) is redistributed upwards to the interconnected slabs in proportion to 
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their relative stiffness. As the level 2 slab has attained a certain level of 
stiffness at this construction stage, it also shares in the load redistribution . 
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As the shores are not in contact with the foundations when the level3 slab 
(51h suspended level) is poured, the new slab load is unable to be transferred 
to the foundations. Rather, it is distributed between the interconnected 
supporting slabs (mezzanine, boulevard, level 1, level 2) in proportion to 
their relative stiffness as indicated in figure H.5. As described previously, 
the effects· of infinite column stiffness, edge fixity and non-uniform slab 
section properties produce a non-uniform load distribution. The application 
of the initial stress results in an unloading of the level 3 shores equivalent to 
25% of the slab load. This results in a redistribution of the shore and slab 
loads of this 25% in proportion to the relative slab stiffness (5 July 1995). 
Once again it can be noted that the final stress (full load balance) completely 
unloads the shores as indicated in figure H.5 (10 July 1995). 
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The load distribution processes occurring with the addition of a new slab, 
stressing a slab and stripping of shores or reshores, as described for figures 
H.l to H.S are similar for the remainder of the structure (figures H.6 to 
H.13). In each case, the new slab is supported by the interconnected slabs in 
proportion to their relative stiffness; shoring loads when stripped are 
distributed among the slabs in proportion to their relative stiffness'; and the 
application of the full stress completely unloads the shores. 
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The slab load ratios predicted using the finite element models as described 
in section 6 and assuming a foundation stiffness of 150 kPa are indicated in 
figures H.l4 to H.l7. As previously described, two values for the slab load 
ratios in the shores and slab are given at each construction stage. The first 
value is the slab load ratio in either the slab or shore at the centre of the slab. 
The second value is the slab load ratio in the shores or slabs when averaged 
across the slab. 
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Due to the shores almost completely unloading when the slabs have been 
fully stressed, the stiffness of the foundation does not influence the slab and 
shores loads for any construction stage in which the shores are not in contact 
with the foundations. In the full scale project, this point is reached from the 
construction stage of pouring of the level 3 slab (5th suspended slab). 
Beyond this construction stage, the slab load ratios as predicted by the finite 
element analysis are the same as indicated in figures H. 7 to H.l3. In a 
conventionally reinforced scenario, the foundation stiffness continues to 
have a small residual effect beyond this point until the slab load ratios 
converge. 
H.1.3 Effect of Varying the Foundation Stiffness 
Comparing the slab load ratios for the different foundation stiffnesses 
reveals a maximum difference in the slab load ratios of 0.03 for the centre 
values and 0.12 for the average values. That is, varying the foundation 
stiffness in the analysis only changes the shore and slab loads by between 
3% and 12% (for this particular structure). 
As an assumption of infinite foundation stiffness is conservative when 
calculating the maximum slab load, it is reasonable to adopt this simplifying 
assumption. As commented in the literature review, if the foundation is of 
particularly low stiffness, the actual load distribution may give rise to a 
situation in which other stages of construction are more critical. One might 
question, however, if such a foundation material is suitable for the support 
' 
of the temporary and permanent structure during construction. 
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I. FULL SCALE PROJECT SLAB LOAD RATIOS FROM SITE 
MEASUREMENTS 
1.0 General 
The actual slab load ratios for the shores and slabs on the full scale project, 
obtained from site measurement, are indicated in figures 1.1 to I.l3. The slab 
load ratios for the shores have been converted from the extensiometer 
measurements in accordance with the conversion calculations in appendix 
C. The slab load ratios for the slabs have been derived from the shore slab 
load ratios. The site data from the full scale project is contained in appendix 
E. 
As previously stated, two slab regions were monitored on the full scale 
project: a slab region between grids 7 and 8 and another slab region between 
grids 9 and 10 as indicated in figure 7.2 and appendix F. Figures I.l to I.13 
indicate the slab load ratios for both of these regions. 
The results from the finite element analysis model (appendix H) predicted a 
non-uniform shore load distribution. As such, two slab load ratios for the 
shores and slabs are given in figures I.l to I.l3. The first column of values is 
the slab load ratio in the slab or shore nearest to the centre of the slab and 
represents the load least affected by the column stiffness, edge fixity and 
non-uniform slab section properties. The second column of values is the 
average of all slab load ratios in the shores or slabs. 
At certain stages of construction, it was impossible to obtain Huggenberger 
extensiometer measurements from some or all of the shores. There were a 
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number of reasons for this including site closures, Huggenberger markers 
knocked off the shores, individual shore removal and restricted access to 
certain slabs during stripping and stressing operations. Further, it was not 
feasible to place Huggenberger extensiometer markers on the reshores after 
a slab had been reshored. As such, only slab load ratios for the undisturbed 
shores were obtained. There are no slab load ratios available for the reshored 
levels. In circumstances where there are no slab load ratios available as the 
reading was not possible, or where the slab had been reshored, the slab load 
ratio is indicated as "???" in figures I.l to 1.13. 
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.55 0.49 
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J. FULL SCALE PROJECT CONCRETE PROPERTIES 
J.O General 
The actual properties of the concrete used in the slabs for the full scale 
project are indicated in figures J.l to J.13. The concrete compressive 
strength (f J for each slab level has been determined by averaging the 
results from the project test cylinders taken for each level. The modulus of 
elasticity (Ec) for each slab level has been derived from the averaged 
concrete compressive strength using Equation 5.1. 
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K. CALCULATING THE FACTOR OF SAFETY AGAINST 
FAILURE 
K.O General 
The comparison of maximum slab load ratios between different shoring 
scenarios is insufficient as a direct comparison. It is necessary to account for 
the relative age and hence strength of the slab in question. This section 
describes the method of calculating the factor of safety for slabs during a 
multi-level formwork procedure. 
K.l Calculating the Factor of Safety 
Hurd and Courtois (1984: 96) comment that 'it seems reasonable to assume 
that slabs less than 28 days old will have some fraction of the 28 day 
capacity in proportion to the percentage of the 28 day strength developed at 
any given time'. Hurd and Courtois claim this to be a conservative 
assumption based on a study into concrete strengths during construction by 
Lew et al. (1976). Hurd and Courtois (1984: 96) state that this is 
'conservative for normal weight concrete ... because modulus of elasticity 
and tensile strength develop more rapidly than compressive strength'. 
Concrete structures m Australia are for an ultimate strength giVen by 
equation K.l. 
< 
Fu = 1.25G + 1.5Q (K.l) 
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Where: 
Fu =design load (ultimate) 
G =dead load 
Q =live load 
Standards Australia (AS3610, 1990) indicates that the construction live load 
for stage III of construction shall be taken as 1.0 k.Pa on the uppermost slab 
and 0.25 k.Pa on all other slabs. Stage III of construction is the stage after the 
placement of the concrete until the slab is able to support the applied loads. 
Of the three stages, stage III represents the most severe loading condition 
and as such, is used for these calculations. 
Adopting the assumption of Hurd and Courtois (1984), the factor of safety 
for a particular slab at any age is given by equation K.2. 
(K.2) 
Where: 
FOS = factor of safety 
fc.t = concrete compressive strength at the relevant age expressed 
as a percentage of the 28 day design ultimate strength 
Fu =design load (ultimate) 
F.,. =design load (working) 
SLR = slab load ratio 
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K.l.l Example Calculation 
The following example demonstrates the calculation of a factor of safety for 
the level 1 slab (figure K.l). This slab is subjected to a slab load ratio of 
1.3 5 at an age of 21 days assuming the concrete properties as indicated in 
figure K.2. The level 1 slab, as indicated in figure K.l, is the lowest slab in a 
multi-level formwork arrangement consisting of 4 levels of interconnected 
slabs and 3 levels of shoring. A slab dead load of 4.0 kPa and a live load of 
3.0 kPa is assumed. 
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The ultimate design load is given by equation K.l: 
Fu = 1.25x4.0 + 1.5x3.0 = 9.5kPa 
The concrete compressive strength in the level 1 slab at an age of 21 
days given by figure K.2 is 93% of its 28 day capacity. 
The slab load ratios indicate the equivalent number of typical slab 
loads applied to a particular slab. As such, the design working load 
for a typical slab is derived by adding the dead load (working) to an 
average of the construction live loads: 
1.0 + 3x0.25 
Fw = 4.0 + 4 = 4.44kPa 
The slab load ratio for the level 1 slab as indicated in figure K.l is 
1.35. 
The factor of safety is given by equation K.2: 
Fos 0.93x9.5 = = 147 4.44x1.35 · 
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